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I. Introduction 

The use of Saccharum spontaneum L. in sugarcane breeding has been fully 
iustified by the results obtaiued both in India and Java. Beginnmg with Co. 205, 
which is an inter-specific hybrid between the thick cane “ Vellai ’ and the local 
form of S. spontaneum, most of the canes produced at Coimbatore have m them 

traces of spontaneum 'blood’. 

S. spontaneum is widely distributed in the Old World. It extends from 
Africa through Southern Asia to Australia and is represented in India by a number 
of distinct forms. Hackel classified the Indian varieties into, 

Sub-species (a) Indicum with very narrow lamina and slender racemes ; 
Sub-species (&) Oegyptiacum with broader lamina and dense racemes. 
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He mentions the prevalence of “ intermediates ” between these two sub-spocies. 
Hole [1911], while recognizing these different forms, considers thoin as purely 
ecological types. 

The method of approaching taxonomic problems has changed considcrafily 
within the last decade and additional evidence of cytology and gcmdics is now 
brought to bear on the purely morphological studies on whidi species wiwe hitherto 
differentiated. Our concept of species has, therefore, been very much widimed. 

In the present study an attempt is made to bring together observations on 
the chromosome behaviour cf some of the Indian forms of 8. apontunuim iu the 
hope that the oytological &cts presented will help to throw light on the phylogony 
of this widely-distributed Linnean species. 

II. Material and methods 

The material studied was groivn at the Imiierial Sugarcane BrecHliug Station, 
Coimbatore. The different typos are named after the iilaces from whidi they 
were collected. The followhig types were examined : — 

Lahore, 

Dehra Dun. 

Coimbatore (Tank). 

Godavari (Rellagaddi). 

Dacca. 

Bihar (S. H. 244 and S. H. 248). 

Cochin. 

Morphological descriptions of the first five fonns are included in Panje’s “ Studies 
in Saccharum spontaneum ” [1933] . Except in the case of Lahore, which does 
not arrow at Coimbatore, both root tips and pollen mother-cells were stuped. 
Root tips were fixed in Allen’s modification of Bouin’s fixative, PFA 15h [McClung, 
1929] and in La Cour’s 2 BD [La Cour, 1931]. Of these two fixatives, Bouiu’s 
was found more satisfactory for the study of metaphase plates. I'^reezing the 
root tips for about two to three minutes just before fixing, by surrounding them 
with crushed ice, had the effect of spacing the chromosomes evenly, and facilitated 
their counting. This is very important in a genus like SaccJmmm where the 
chromosomes are many. 

Spikelets at the right stage were selected after preliminary examination of 
anthers in aceto-carmine [Belling, 1923]. They were then fixed in Allen’s modifi- 
cation of Bonin’s fixative (PFA 15b), and acetic alcohol in the proportion of one 
part acefic acid to three parts absolute alcohol. Materials fixed in acetic alcohol 
and preserved in 70 per cent alcohol proved excellent for aceto-carmine smears, 
even after a period of several months. An exhaust pump was used to Iiaston 
penetration. 
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PLATE II 


SOMATIC METAPHASE IN SOME INDIAN TYPES OF 

SACCHARUM SPONTANEVM L. 
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Fig. 1. Dacca 2n==80. 

Fig. 2. BiFar 2n=6i. 

Fig. 3. Eellagaddi 2n==64. 
Fig. 4. Dehra Dun 2n=56. 
Fig. 5. Lahore 25^=48. 
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CHROMOSOME ASSOCIATION IN THE DEHRA DUN AND GODAVARI FORMS 
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Fig. 6. Bivalents from one P.M.C. of the Dehra Dim form 
n=2S (aceto-carmine smear). 

Fig. 7. Diakinesis in the Dehra Dun form. 




Figs. 8 Prometaphase & metaphase stages in the Dehra 
&9. Dun form showing “Secondary association.” 

Fig. 10. Early anaphase in Rellagaddi («=32). 

Fig. 11. Diakinesis in Rellagaddi. 
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Sections were cut, lOjx in the case of root tips and 12 to 15(x in the case of 
anthers. Iron alum haematoxylin with picric acid as a de-stainer gave clearer 
differentiation than Iodine gentian violet. 

Drawings were made at bench level with a Spencer Abbe camera lucida, a 
Leitz objective, 1-92 (N.A. 1-32) and a x25 eye piece, to give a magnification of 
4000. For the. study of aceto-carmine smears a water immersion objective (N. A. 
1 • 2) was used. 


III. The cheomosome complement in Saccsabum spoNTAmuM 


Cytologieal studies in S. spontaneum were fitrst made by Bremer [1925] who 
gives the chromosome number of the Java form (Glagah) w = 56 and of the Celebes 
form “ Glagah Tabongo ” n — 40. 

Chromosome counts of some of the types examined have already been pub- 
lished. Dutt and Rao [1932] were the first to point out that the Coimbatore 
form of S. spontannim differs from the Java and the Celebes forms in having 
sixty-four chromosomes in its somatic cells. Singh [1934] reported thirty-two 
bivalents in the Godavari form, twenty-seven bivalents in the Dehra Dun and 
thirty-nine in Dacca. I find the following numbers in the types examined by 
me : — 

Somatic 

chromosomes 


Lahore ♦ • • 48 

Dehra Dun {Holes I) . . . . . . • * .56 

Coimbatore (Tank) . . . . . . . . .64 

Rellagaddi .... . * • • * • .64 

Bihar (S. H. 244) . . . . . . • • * -64 

Bihar (S. H. 248) . . . ' . ' . . . . . .64 

Cochin . . . .. . . . . . . . 64 

Dacca . ... . . . . . . - . 80 

A seedling from the Dacca form . . . ■ . . . . ■ , 80 


The above obseryations suggest that the different types of Saccharum s^ontaneum 
represent a polyploid series with a basic number eight. 

Plate II, figs. 1 to 5 give the somatic metaphase plates of the ' chromosal ’ types 
studied. The cliromosomes are found to vary both in size and morphology— at 
least three types can be distinguished and possibly five in some of the varieties. 
Both medium and secondary constrictions are found. There is indication of the 
occurrence of trabants in a few chromosomes of some of the varieties examined. 


IV, Pollen mothee-cell division 



The general facts regarding meiosis are the same for all the types studied and 
to avoid repetition the cytology of the Dehra Dun form is given in t>ome detail, 
as the one liaving the smallest number of chromosomes next to Lahore. This 
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form from Lahore— which has little or no lamina — ^has not so far produced any 
arrows in Coinihatore. It was, therefore, not possible to include in this study, 
obserTations on its nieiosis. 

Early prophase studies have not been attempted . Observations herein 
recorded have teen mainly on the stages from early diakinesis or diplotene to 
motaphase. ■ 

(a) The Dehra Ihm form 

At zygotene, single threads are seen lying side by side in various grades of 
proximity and at diplote^ne loops are formed with several points of contact which 
are found to be ' chiasmata ’ or exchange of partners between the fom* chromatids. 
An examination of early diakinesis shows the fifty-six chromosomes associated 
into twenty-eight bivalents by means of chiasmata (Plate Ills figs. 6 and 7), 

Bivalents are of two kinds, some with one chiasmata and others with twm. 
In the case of bivalents with single chiasmata, the cMasma are localized and 
medinm. Terniinalization seldom occurs in these- They have the appearance 
of X’s even in late diakinesiB. In those with two chiasmata, terminalization is 
complete in the smaller chromosomes, which have the appearance of O^s. 
Chiasmata observed at late diakinesis are never completely terminalized. Con- 
traction of chromosomes is very intense in diakinesis. This may have been 
intensified by the reagent used. 

With the termmation of diakinetic repulsion there is a sudden convergence 
of the bivalents to the centre of the nucleus. From a study of large numbers of 
pollen mother-cells at this (pro-metaphase) stage the existence of ''secondary 
association of bivalents is very clear. The bivalents arrange themselves into 
ten groups (Plate III, fig. 8). Due partly to their close association and partly as an 
artefact of fixation there is generally a thin strand of linen connecting the bivalents 
of a group. These bivalents orient themselves to form the characteristic raetaphase 
plate (Plate III, fig. 9). In a polar view this secondary association can be 
clearly observed. The chromosomes are very much condensed at this stage and 
look like spherical bodies. Inter-kinesis is short and at the second metaphase, the 
chromosomes are foimd to be still associated. Tetrad formation is normal. 

(6) TM Godavari form (Rellagadii) 2n=64. 

This is the form of 8- spontaneum growing on the banks of the Godavari river. 
Its chromosome number reported by Singh [1934] is ^2=32, which I have also 
observed (Plate III, fig. 10). Plate III, fig. 11 shows a pollen mother-cell at late 
diakinesis. Thirty-two bivalents are generally observed, but in a number of nuclei 
examined at this stage, a single tetravalent could be obberved. The number of 
bivalents with single chiasmata are slightly less than, those in the Dehra Dun form. 
As pairing akes place not between chromosomes but blocks of chromosomes 
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PLATE IV. 




Fig. 13. P.M.C. at diakinesis stage in the Bihar form show- 
ing 28 bivalents (aceto-carmine smeaT). 

Fig. 14- Metapbase in tbe Bihar form sliowing chromosome 
association. 

Fig. 15. Metaphase plate in the Coimbatore form. 

Fig. 16. Diakinesis in the Dacca form. 

Fig. 17. Metaphase in the Dacca form showing chromo- 
some association. 
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[Darliagton, 1932], the increase in the nnxnher of chiasmata observed may be an 
indication of structural changes in the two chromosomes of a bivalent. The: 
presence of a tetravalent is also noteworthy. Plate HI, fig. 12 shows a pollen 
mother-cell at prometaphase stage. The chromosomes associate in groups of two, 
three and four which seems to be the prevailing type of secondary association 
in this variety. The later stages of meiosis are normal. 

(c) The Bihar form {S. H. 244), 2x = 64 

This is another form in which there are thirty-two bivalents in the pollen 
mother-cell (Plate IV, fig. 13). No tetravalents were observed. Secondary 
association is more lax than in the Dehra Dim form. Ten groups were differen- 
tiated in which at least five were associations of two bivalents (Plate IV, fig. 14). 

{d) The Coimbatore form {Tank), 2n — G4 

Thirty-two bivalents are observed at metaphase (Plate IV, fig. 15). Secondary 
association of bivalents is of frequent occurrence. They are associated in gi-oups 
to the Bihar form (S. H. 244) and about ten groups could be traced. A 
number of bivalents with single ohiasma, which remain untemunahzed, was 
observed at diakinesis giving a configuration like X. 

(e) The Dacca form 2n = 80 

Plate IV, fig. 16 shows a reconstructed nuclei from two sections of a pollen 
mother-cell at diakinesis. Variation in length of chromosomes is very marked in 
this variety. In particular a number of very small chromosomes are found to 
associate in groups at pro-metaphase. “ Secondary association ’ is very marked 
(Plate IV, fig. 17) and the groups are composed of two, four and five bivalents. 

An analysis of the groups shows that in a number of pollen mother- cells the 
forty bivalents arrange themselves into four groups of five, four groups of four 
and two groups of two, making in all ten groups. 

V. Evidence of hybridity within the species 

Secmdary polyploidy.— It would appear from the chromosome counts of the 
various clones examined that the species 8. sponfoneitm represents a polyploid 
series The association cf more than two chromosomes at metapha.e of meiosis 
was first observed bv Kuwada [1910] in tetraploid Oryzu sativa . This phenomenon 
has since been obseWed in many polyploids. Except for the single tetravalent 
observed in Bella gaddi, no muHivalents have been observed sc far m the Indian 
species. Its abienoe goes to prove that polyploidy in this species must have 
occurred tlirough hybridization and not through somatic duplication of chro- 
mosome sets, as in auto-polyploids like Tvlipa. : 
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Besides the formation of miiltivalents, which is the result of prophase pairing, 
a secondary or post-synaptia association of bivalents, arising.from a general affinity 
of relatively iioiiiologoiis bivaJents, was first observed by Darlington [B)2b] in 
Prumis. : It is generally observed in plants with soiall ehromosomes. Lawrence 
[1932] has shown that '' seex)iidary association” is of wide occurrence in many 
species and |:)rovides ^'valuable criterion for homology in hybrid polyploicL 
We have in /S^ spofitaneum strong evidence of this post-synaptic association. The 
bivalents general!}?’ associate into groups of five or ten, wliich is the I'arsic number 
of other Andropogonae bke Sorghum, Erkmithus, Imperaia and S, officinamm. 

In S. (Dehra Dim) the eighteen bivalents arrange themselves 

into ten groups as follows 

Five groups of two bivalents 

Two groups of tiiree 'bivalents 

Tliree groups of four bivalents 

There is also an indication of a closer affinity between two of these ten groups so 
that in some nuclei a more compact association into five groups may be ol)S6rved. 
If A, J5, <7, D and JJ I'epreserit the basic chromosomes, we can consider the 
gametes in the Delira Dim form as being made up approximately of tlie 
following chromosome complement : — 

1. A,A»A -f- A,A,A.A. 

2. B,B,B + B.B.B.B, 

3 * C,C + C.O.G.C. 

4. D.D ■ ■+ D.D. 

5 * E*M E»E * 

We thus ee tliai the tweimy-eight bivalents are composed of two groups of sixteen 
and twelve bivalents respectively. Since these numbers correspond to tlie haploid 
f number of the Peninsiilar forms with thirty-two chromosomes and the Lahore 
form with forty-eight chromosomes, the Dehra Dun form may be a hybrid between 
these two chromosome types. 

The presence of five pairs of bivalents in the Peninsular form, which stand 
apart from the rest, seems to indicate that this variety is also a product of hybri- 
dization. It is highly probable that the thirty-two chromosome form- have arisen 
as natural crosses between a type like Dacca {n = 40) and a type like Laliore 
{n= 24). In its morphological characters the Peninsular form is found to be 
intermediate between the wire- leafed Lahore ” and the broad-leafed Dacca 
The range of variation found in this group is also very wide whi( 5 h may be an 
additional evideuco for its being considered a hybrid. 
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Ghiasma behaviour. — Tbe chromosomer, of S. spontaneum examined fall 
into two types from the point of chiasma behaviour. 

Type I with a single ohiasma which is localized. 

Type II with one or two chiasmata which are formed at random. 

The latter have a fairly high frequency of terminalization. 

The presence of bivalents with greater frequency of chiasmata in proportion 
to their length is noteworthy (Plate III, fig- 6). This is in accordance with the 
“ chiasma theory of pairing ” of Darlington. If the frequency of pairing is propor- 
tional to length, some of the shorter bivalents would be unpaired at metaphase 

which would then lead to irregularity in germ formation and thus interfere with 
sexual reproduction of the species. Thi? property may thus be considered as a 
genetic factor influencing the behaviour of chromosomes [Darlington, 1932]. 

This difierential behaviour in the chiasma formation of the S. spontaneum 
may be taken as another evidence of its hybridity. This wiU be dealt with more 
fully in a separate paper. 

VI. Conclusions 

Barber, m his Studies of SaccTiarum ’’ [1918], found the broad-leafed form 
from Dacca to resemble cultivated canes more than any of the other Indian forms 
examined by him. This form is now found to have the same number of chromo- 
somes as Saccharum officinarum. The discovery of other types w’th — 40 
chromosomes, like S. robustum from New Guinea and Glagah Tabongo, from Celebes 
points to this form having a wide distribution in the tropics. From a study of 
its morphological characters, the Dacca form comes nearest to HackeFs sub- 
species, cegyptiacum. 

It seems that the wire-leafed form from Lahore with 2n = 48 represents a 
form of Saccharum spontaneum having a basic number six or twelve instead of 
the usual five or ten found in other Andropogonae. There is strong indication 
that the forms with thirty-two and twenty-eight chromosomes, which represent 
the “intermediate” forms of Hackel,are natural hybrids or their back-crosses, 
between the two types {n = 40) and (n = 24). These intermediate forms, because 
of their wide distribution, rightly represent the sub-species ‘ i7idicum \ variety 
“genuinum” of Hackel. They show great variation in vegetative characters 
and are best suited for the study of the differentiation of the species from an 
ecological point of view. The wire-leafed form, which Hackel describes as sub- 
species indicum, ys.nety juncifolium, deserves to be classed as a separate species , 
perhaps “ Saccharum juncifolium ”, because of its distir, ctive morphological charac- 
ters and its unique chromosome complement. 

It is highly probable that the more primitive types of S. spontaneum 
are those with lesser number of chromosomes. These studies on Indian forms 
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indicate that the primitive form.^ occur iu India. It is likely tliat a more com- 
prehensive study, of the species will lead to the discovery of more ecotypes ” 
with chromosoBie riiaiiber forty-eight and fifty-six than those hitherto examined- 

VII. SlTAIMABY 

The Indian types of S. spontmte/imi form a polyploid series with the following 
chromosome nnnibers : — » 

2n = 48 
2»=:==56 

2n == 80 

2. The somatic chromosomos show primary and secondarj’^ constriotions. They 
also vat}? in length. 

3. Pairing of chromosomes at meiosis is by means of chiasmate. Chromo- 
somes are alw^ays associated as bivalents except in Bellagaddi in whicli a single 
tetravalent was observed. 

4. The number of chiasniata observed is not alwa^^a proportional to length 
of chromosomes. 

5. Secondary association ” of bivalents is observed. The chromosomes 
arrange themselves Into five or ten groups which is the basic number of the Andro- 
pogonae. 

6. There k evidence of hybridity within the species. Of the Indian forms 
examined, the typo with forty-eight chromosomes represenrs HackeFs variety 
** juncifolium and the type with eighty the variety ** cegy 2 ^tiacum^\ Those 
with Intermediate numbervS seem to be natural hybrids between these two forms. 
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Burina variety of Saccharum spontaneum. 
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CHROMOSOME NUMBERS IN A BURMA 
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Fig. 1. Somatic metapliase from the root tip of the parent Burma 
S. spontaneum 2w=96. 

Figs. 2-6, Somatic metaphases from the root tip of some seedlings 
of the Burma form, 2w=96; 2^.=108-110; 
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Accordiii^ to Barber SaccJiarum spontaneum in Burma reprcsehts a 

series of forms ranging from a thick “ Land form ” to an aquatic type like the 
Dacca form of India. The only Burma variety of 8 . spontaneum in the collection 
at the Imperial Sugarcane Station is from a clone from Mandalay collected in 
1929. This variety is the most outstanding of the 8. sponianeums grown at 
Coimbatore. It attains a height of fifteen to eighteen feet, propagates very 
profusely by means of underground stems and has a splendid erect habit 
(Plate VI). The stem has a much longer intemode than any of the other 
8. spontaneiims. Panje [1932] notes a number of other morphological characters 
in which this form differs from the Indian and the East Indies types studied by 
him. The plant flowers very rarely in Coimbatore and only a single mflorescence 
was observed in 1933. 

Cytological observation. — ^As the plant did not arrow in 1934-35, only root 
tips were available. These were fixed in Allen’s modification of Bouin’s PFA- 
15b after freezing, sections cut at lOp and stained with Iron Alum haematoxylin 
with piciic acid as de-stainer. The metaphase plate of somatic division showed 
ninety-six chromosomes (Plate VII, fig. 1). This is the first record of this 
number for any type of 8. spontaneum studied. The chromosomes appeared 
similar to those of the Indian 8. spontaneum studied, in having both primary 
and secondary constrictions. The prevalence in India of forms of 8. spontaneum 
with chromosome 2»^64 [Dutt and Rao, 1933 and Singh, 1934] and the occurrence 
in Sumatra of a “gigas ” form with 2w =124 [Singh, 1934].points to the Burma 
form being a triploid with basic chromosome number a;=32. 

(9 ) 
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Triploids occur in nature either as the result of a cross between di£doids and 
tetraploids of the same species or as the result of the failure ot reduction lu the 

archesporium of one of two diploid parents and the consequent fusion ot an 

X with an unreduced 2a: germ cell. According to Bremer [19211] ^douldmg o 
chromosomes in the female parent is a common jihenomenon in Saccharum. ihe 
regionally intermediate Burma form might be either a natural cross between an 
Indian form with w=32 and a tetraploid form like tlie “ gigas ” form of 
{Plate VIII) or it may represent the product of fertilization of an abnormal diploid 
gamete with a haploid one as noted by Bremer in many other Sacchanim species. 
Cytological evidence from pollen mother-cell studies is necessary to throw further 
light on the origin of tins interesting Burma form. Its possible position amongst 
other S- spontmie/iim is shown in the diagram. 

Progeney of the Burma form.~The single arrow produced in 1933— and left 
unbagged— yielded a number of seedlings which showed marked difterences in 
morphologic^ characters. Many of these were thicker than the parent and looked 
like very medium sugarcanes. Root tips of some of these were examined and they 
showed 96 to 124 chromosomes at somatic metaphase (Plate \1T, -'d). s 

the arrow was unbagged, and consequent possibility of cross-pollination, much 
value cannot bo placed on the variation observed in their chromosome numbers. 
However the numbers found fall witliin the expected frequency of chromosome 
distribution in a triploid with 
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During March 1934 sugarcanb seedlings growing in pans at the Cane Breeding 
Station at Coimbatore were found to die in large numbers. The disease was 
especially widespread in the thick cane seedlings. The first indication of the 
disease in the pans wa,s the appearance of a number of seedlings wilting or dying 
in small patches. Sometimes only one or two pans in the same culture showed 
the disease whilst others remained free. In the dying seedlings root development 
was very poor, and in some cases the roots were very soft, rotten and discoloured. 
In a few cases the roots had developed well, but the tissues round the collar showed 
brownish discoloration and the leaf tips were drying downwards. Sometimes the 
collar had simply become soft without any brownish discoloration. A species 
of Helminthosporium was found growing profusely in the dead seedlings. 

In January 1935 all the new sowings were again examined and the following 
fungi were found in the dying seedlings. Two species of Helminthosporium^ 
Pythium sp., Fusarium sp., AUernaria sp., Nigrospora sp., and a selerotial fungus. 
HelmintJios 2 )ormm spp. and Pythium sp. were most prominent. The present paper 
deals with two species of Hehninthospo7ium and a Pythium sp. which were found 
to l>e parasitic. 

1. Helminthosporium spp. 


Sym’ptoms . — ^The disease usually appears in the early stages of the growth of 
the seedlings, forming small, narrow, reddish stripes, crowded together but not 
forming definite spots with a margin. When older they are bright to dark brown 
in colour. The leaf-sheathb become dark brown or olivaceous owing to the forma- 
tion of numerous conidiophores and conidia. 

Morphology. — ^The mycelium consists of septate, subhyaline hyphae, both 
inter and intra-cellular, which ramify in the tissues. Haustoria have not been 
found. The hyphae are 2 to 4p, in breadth. Conidiophores are formed in tlie 
discoloured portion of the leaf-sheath and emerge through the epidermal cell-? 
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singly or in pairs. They are unbranched, brown to dark olivaceous, 2 to 6 septate, 
40 to 130|i. in length and 5 to 7 |jl in breadth. The basal cell of the conidiophore 
is slightly swollen. The geniculation associated with the prodnctioii of successive 
conidia is well deined. Conidia are borne singly at the tip of the conidiophores, 
and as successive ones are being formed the tips become curved owing to the 
large number of geniculations, size 20440’5|x x9-16-5|x. average 62 x 13* dp. 
3 to 11 septate not constricted at the septum. The end septa are deeply marked ; 
spares are dark brown, end cells lighter in colour, tapering towards both ends with 
a promineiit hilum. They germinate by producing germ tubes from either end cell 
and sometimes from the intermediate cells also. 

The following inoculation experiments were carried out to test pathogenicity. 

Table I 


Mesiilts of experiments carried out to t^t the pathogenicity 


Date 

Host 

Place of inoculation 

Result 

Control 

24th May 1934 . 

Co. 213 cane 

4 shoots inoculated in 
different places. 

-j- 

Free 

29th May 1934 . 

Co. 213 cane 

8 shoots, leaves , 

+ 

Do. 

28th June 1034 . 

Co, 213, 416, 419, 
420, M16, B3412 
Lalgirali cane. 

Plants in pots. Leaves 
inoculated in different 
places. Plants moist by 
spraying with water. 

+ 

Do. 

26th Feb. 1035 . 

Wheat . . 

30 seedlings ; leaves . 

-h 1 

'Do. 


Barley 

30 seedlings ; leaves . 

+ 

Do. 

14th May 1935 . 

Maize 

6 plants ; loaves * , 

+ 

Do. 


Jowat 

6 plants ; leaves . 

+ 

Do. ' 


Co. 213 cane 

6 shoots ; leaves 

+ 

Do. 

31st May 1935 . 

Co, 213 cane 

6 canes, leaf and leaf-sheaths 
in different places. 

^ + 

Do. 


This species gives a very high percentage of infection not only with different 
varieties of cane but also with maize, j war, wheat and barley. On wheat it forms 
definite spots with a grey centre and reddish brown margin similar to those of 
Ueltninthosporium sativum P. K. 
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The disease has so far been observed only in the seedlings. When selected 
seedlings from diseased pans are transplanted in the field, they do not show any 
symptoms of the disease. 

Identity of the f%ng%s<—T^h.e! measurements of this fungus together with the 
degree of septation and shape of spores agree very closely with that of H. halodes 
described by Drechsler [1923] on the leaves of DistichUs spicata (L.) Greene, from 
New York. Mitra [1931] described H. halodes var, tritici on wheat from Central 
Provinces. He succeeded in infecting leaves of maize, jowar, wheat, barley, 
oats, rice, and cane with this strain. The measurements of these three fungi are 
given below for comparison:— 


Table II 


Measurements of the fungi 


Fungus 

Spore 

length 

Spore 

Width 

Septa 

B, halodes . . . . 

20-103g 

10-14^ 

1-12 

H. halodes vB,r. tritici 

23-73p 

13-20:ji 

2-0 

Isolation from cane seedlings . , , . : 

20-104- 

9-16- 5p 

3-11 


It will be seen that the cane strain of Helminthosporium agrees in size and 
septation of the spores more closely with H. halodes than with halodes yar. 
tritici. 

This is the first record of its occurrence on sugarcane. 

In addition to H. halodes another species of Helminthosporium has been 
isolated from sugarcane seedlings which agrees with the description of Helrumthos- 
pofium tetramera described by MacKinney [1925] from Oklahoma, U. S. A,, whtre 
it is found associated with foot-rots of wheat. Infection experiments carried out 
proved that this fungus is a weak parasite when compared to JET. halodes. 


II. PythiumBT, 

The roots of cane seedlings beerme soft and rotred, the collar flaccid and 
discoloured and the seedlings collapse near the ground level. When seedlings aro 
pulled out the rotten roots are left behind ip the soil. 
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• Infection experiments carried out to prove its pathogenicity are summarised 
belew : — 


Table III 


Results of infection experiments 


Date 

Plant 

Whore inoculated 

Infec- 

tion 

Control 

1 Remarks 

8th ' July 

. Sugarcane 

1 5 seedlings in water 

+ 

Fre<:J 

1 , 

1938 

1 

1 

1 Ma,i55e 

1 culture ; ino- 

i ciliated at roots. 

I Do. 

+ 


j' 

■ Slight infec- 


1 

1 Jowar 

i ■ 

1 

1 Do. 

+ 

1 Do. 

1 Do. 

tion. 

Do. 

27tii July 

1 Oarka papaya , 

; Fruits 


1 Do. 

: 1 Fungus 

1935 

f 

i 

H ihisctiB excti^ 

i Do. . 



1 

1 Do. 

fUltCTOd 

throiigli 


ImtUB. 

TfichoBantlms 

1 

i 

Do. . 


1 

■ Do. 

wound in 
Cariea 

^ papaya and 


dioica, 

Lagenaria ml- 

Do. . 


Do. 

Lagenaria 
mdgaris, 
but infec- 

3rd Aujy. 

garis. 

Amamnthus sp. 

Stem . 


Do. 

tion did 

^ not spread. 

Cane, niaixe. 

6 seedlings each, 

+ 

Do. 


1935 

5th Aug. 

jotmr* 

Wheat and' 

in water culture ; 
kept at 25‘^C. i 

40 seedlings each, 1 

-f 

Do. 

Yery active 

1,935 

: . j 

1 

6th ' Aug. 

j barley. 

Maize. , , 

in sand culture ; j 
kept at 25°C. 
infected at collar, i 

■ i 

! , . .s 

i 6 seedlings grow- j 

+ 

' Do. 

infection, col- 
lar becomes 
soft, brown 
and collapses. 

Slight infec- 

1935 

Jimar 

ing in sand ; in- | 
fected at the col- | 

' lar. ^ ' j 

Do. , . I 

+ 

Do. 

tion. 

Do. 

13 th Aug. 

S'ugarcane ■ 

3 shoots in pots ; ' 

+ 

Do, 1 


1935 

! 

Maize 

culture placed ; 
touching the leaf- ' 
sheath. 

Boots floating in , 

1 

! 

+ 

1 

j 

Do. 1 

Very slight 

16th Aug. 

Wheat 

water ; culture j 
placed touching 
the roots. 

40 seedlings in 

+ 

Do. 

infection. 

Very 'active' 

1935 

2nd Sept. 

Wheat, barley 

sand; oulture 

placed at collar ; 
kept at 25'’G. 

20 seedlings each. 

+ 


infection* 

' Do. 

1935 

and oats. 

■■ ■ ' . , i 
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When cross-inoculated, the fungus attacks maize, wheat, oats and 

barley in addition to sugarcane. On maize sarid jowar it is not very active but on 
wheat, oats and barley seedlings it is very vigorous and kills the seedlii?,gs in three 
days. The collar and the roots become soft and discoloured brown or -yellowish 
brown. The mycelium is found in all the tissues. Later on oospores develop in 
large numbers in the epidermal tissues. 

The measurements of sporangia, zoospores and oospores of the strain from cane 
seedlings agree in all respects with those of Pythium gmminicplnm described by 
Subramaniam [1928] on wheat from Dharwar, Bombay. Matthews [193.1] 
isolated Pythium graminicolum from a sandy soil in North Carolina in which 
Sarraoenia was growing. 

The measurements of the three strains are given below for comparison 


Table IV 

Measurements of the strains 


Fungus 

Host 

Oogonia 

Average 

Oospores, 

Average 

Pythium gramini- 
colum. 

Wheat 

1j6-6-28-6!ji 


15-4-16-4t«. 


Do. 

Sarraoenia 

24-36!;i 


21-6-32[i 

28tJt 

Do. 

Sugarcane 

16-9-33[ji. 

25(J!. 

16- 3-10-8^1 

23|X 


This is the first record of Pythium graminicolum on cane seedlings in India. 

III. OONTEOL MEASUBES 

The seeds of the susceptible variety P. 0. J. 2725 x Oo. 243 were obtained 
from Coimbatore and sown at Pusa, where the disease also developed. It is there- 
fore presumed that the foot-rot disease is seed-bome. Treatment of the seeds and 
soil with a solution of 0*25 per cent Uspulun checked the" disease to a large extent 
both at Coimbatore and Pusa, very few seedlings dying in the treated pans* 
When the diseased seedlings were removed and the rei t were allowed to grow, 
they remained healthy throughout the period they were kept under observation. 

So far the disease has been observed only on very young seedlings. Should 
it become a serious source of inoonvenienee, it can be controlled by application of 
suitable fungicides to seed and soil. 
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SuMMABY 

HeJ/mmtMsporkmi hcdodes, and H. idrmmra have been foiinci to be the cause 
of " seedling diseases of sngaTOme. i?. halodes is an, active parasite, while U. 
tetrmmera is a weak one. These two fungi cause foot-rot of the seedlings, and are 
here recorded for the first time on sugarcane, 

Pythium grammicolum has been fomrd on sugarcane for the first time iii 
India as the cause of a seedling disease. This fungus when cross-inoculated 
attacks cane, wheat, oats and barley very vigorously and maize and pwar to a 
slight extent. 
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Intbobuction 

The decomposition of sulphare of ammonia or farmyard manure in different 
soils under normal arable conditions has been widely studied ; but cx>mparatively 
little is known regarding the chemical and microbiological processes involved in 
the decompobhion of such fertilisers under the usual water-logged conditions of 
the paddy field. 

There are some scattered references in the literature to nitrogen chai^ges in 
submerged soils due to the addition of nitiogenom fertilisers. Warington [1892] 
for the first time detected in some laboratory experiments a loss in added nitrates 
when the soils were kept water -logged. Daikuhara and Imasaki [1907] also 
made similar observations. Nagaoka [1904] was the first to report the formation 
of nitrite when nitrates were added to paddy fields and Kelley [1911] stated that 
nitrites so formed were toxic to paddy seedlings. In a recent paper Kapp [1933], 
however, observed that in Arkansas soils application of sodium nitrate and ammo- 
nium sulphate does not lead to accumulation of nitrite in submerged rice soils in 
sufficient quantifies to prove toxic to the seedlings. According to Oelsner [1918] 
nitrates as well as total nitrogen are lost on water-logging the soil. Subrahmanyan 
[1927] Tailed to observe any such diminution in total nitrogen although he noticed^ 
that in submerged soils there was a slight diminution in nitric nitrogen ^and a 
distinct increase in free and saline ammonia. According to Harrison and Aiyer 
[1913-141 nitrification is impossible in sub-merged paddy soil and the nitrates 
produced during the dry season are quickly denitrified so that the nitrogen 
required by the crop is obtained from the ammonia' and nitrogenous organic 
compounds produced by the anaerobic decomposition of the proteins of added 
green manure. 

* The investigation recorded in this paper was carried out at the Bio-Chemical 
Laboratory of the Central Provinces Rice Research Scheme financed by the Imperial 
Council of Agricultural Research. 
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The work described in this paper was mahily undertaken with the objects of 
ascertaining firstly, the relative effect of the decomposition of fartnyard manure 
and sulphate of ammonia under water-logged conditions on the nitrogeti contents 
and microflora of two of the typical rice soils of the Central Provinces and secondly, 
to what extent the results vary fundamentally from those obtained under aerobic 
soil conditions. 

Experimental 

Tire soils used for these experiments were “ Matasi ” (sandy loam) and 
“ Dorsa ” (medium clay) from immauuretl rice })lots ou the Government Experi- 
mental Farm at Labhandi, Raipur. Geologically, these soils are formed entire! \- 
ui)on Pre-Cambrian roek.s of the Purana and Archaean groups. Their cliomical 
and mechanical compositions are given below. 


Table I 

Chemical and mechanical ermipomtiom of Malasi and Dorm mi In 
(a) Chemical muilynis 






Mat am 

Dorsu 

Iiisoliibio Jsiiicate and «and 



Pen- cent 

87-41 

Per ci‘!it 

77'78 

Aluniiiia 



• 

4 -74 

1 1 ' 42 

Lime ■ ' , ■ 

, . ' . . 



d- 62 

0*20 . 

Pofciisli , 

, ■ . 



0-4(i 

10 80 

Piiospiioric Acid 




O' 02 

0*02 





0*20 

fi'81 

Los>^ on igiiiiion 

. 



(;-70 

7 *80 

Carbon . 




0-50 

; ^ 

o-r>(i 



Total 


1 luo-si 

09' 00 

Total nitroguii 



t 

O' Of) 

O-OfJ 

Available pliOBphoric uckl 



0*001 

0-001 

Available potash . 




O' 10 

0-11 

pH value 

•V ; ','r 


' • 

«'8 

7*2 

C/N . . . 




11*2 

9*3 
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(b) Mechanical mialysis {By Puri's method) 


Soil 

Clay 

Fine silt 

Coarse silt 

Sand 

■ Total 


Per cent 

Per cent 

Per cent 

Per cent 


Matasi . , . . 

25-36 

3-70 

8-84 

. 58-74 

96-64 

Dorsa 

48-20 

6-08 

. 7- 86 

34*80 

96-00 


A series of comparative tests or> the ehaages in bacterial numbers, ammonia, 
nitrate and nitrite contents, carbon dioxide evolution and nitrate-reducing capa^ 
city in culture solutions were carried out in each of these soils receiving farmyard 
manure (well-rotted cattle-dung), sulphate of ammonia or no nitrogen under water- 
logged and aerobic conditions. 

The principle of the technique employed is the same as communicated in a 
preceding paper by one of the writers [Mukerji, 1932] for following the biochemical 
changes in soils under conditioiivS approximating more closely to those of the field 
than are obtained in the conventional tumbler technique or in pot cultures. Air- 
dried samples of soils (0 — 6 in.) were passed through one-mm. sieve, and 1000 -grm. 
lots uniformly moistened to fiftyj)er cent of the water-holding capacity of tl^^ soil 
byapplying asaspray about 200 e.c. of water. In a parallel series the soils were 
maintained under water-logged conditions by having a film of water always 
standing over the surface. Wide-mouthed glass jars (two-litre capacity) with 
one kg. of soil were set up under the two different moisture conditions with soil 
receiving farmyard manure, vsulphate of ammonia or no nitrogen. The manures 
were applied at the rate of 100 lb. nitrogen per acre and their doses per kg. of soil 
calculated on the basis of one acre of soil weighing approximately two million lbs. 

For each treatment two jars were set apart. The lower ends of the jars 
were cut off from lighr by dark paper shades. Aerobic and submerged cultures 
were sampled for analysis on alternate days. The sampling which was done by 
boring with a small augur involved thorough mixing of the soils and constant 
renewal of the air over the soil mass. The jars were shaken every day for a few 
minutes to provide free exchange of gas between the soil particles, supernatant 
water (in water-logged cultures) and the air above the soil. 

Soil samples were withdrawn from each individual jar every week, and 
bacterial numbers, ammonia, nitrate and nitrite determined. Matthews' aeration 
method was used for the determination of ammonia. Nitrate and nitrite were 
estimated by Harper’s phenoi-disulphonie acid method and Griess-Ilosva method, 
respectively. Bacterial counrs were made by plating on Thornton's agar medium. 
Besides ammonifying organisms this medium is also capable of growing rapidly, 
as has been reported in a previous publication by one of the authors [Mukerji, 
1931], some species of nitrite forming bacteria which differ widety from 
NiiTosomonas or Nifrosococcus, 
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BaOTBEIAL H0MBBES AND NITROOEN CHANGES 

The bacterial oouiits are given below. 

Table II 

Average haeAerial numbers in millions per grm. of soil 


(The mmns of the replicate cmmiis for each irmtmmt ham hem assigned with 
flimr respeeiive probable errors.).- 



Pona soil 

1 Mfafmi soil 

Treatments ' • ' 

Da5's from commencement 

Bays from eommencemenfc 


:"7i 

f 

7 ^ 

14 

28 

42 

49 

50 ' 0 

( 

1 14 21 ! 

1 ^ ' 

28 1 



' 35 

Far my urd manure”- 
A'E . , . , . ; 

J2-7 

10 •! 1 
n ■» i 

24*2 
$2*0 ; 

9*4 

$1*9 

9*4 

1 $1*8 

19*0 

$2*1 

18*4 ^ 22*9 
$2*2 ; $1*3 

20*8 

$1*8 

*'^5*1 ' 
$2*0 ; 

21 *9 1 
$0*9 ! 

,14 ‘3 
$2*1 

10*7 
$1 *0 

WL . . ' . : 

15‘<> 

12*9 

n*9 j 
$9*9 1 

19 *S 
$1*9 

5*4 

$1*0 

1*2 

$0*4 

0*0 

$0*5 

, ■ 0*1- 22*9 ■ 

$1*9 ; $1*5 

18*0 

' 15*3 
$t‘I ^ 

‘ 10*1 i 

$2*3 1 

4*0 'i 
|0*«5 i 

7*4 

$2*1. 

Ammonium Kn1|>'bate 
AB . ; 

18*8 1 
$0*9 ! 

1 ■ i 

19*1 I 

( f t> . o ! 

: 

ir»‘i 

1 $9*7 

• 5*9 
$1*3 

22*3 

$1*(5 

33 -(S 
$2*1 

27*7 ' 3*8 
$1*0 : $0*5 1 

29*5 ! 
$2*1 i 

19*3 1 
$1*3 1 

15*8 1 

$1*1 I 

$0*9 

11 *3 
$1*2 

WL" . , . ■ . 

; 18*8 
: tiai 

16*2 ^ 
|2*i 

8*9 

tO'7 

^ 6*5 

$0*7 

3*0 ^ 
$0*4 

7*9 
$2‘0 i 

5*8 i 3*8 ^ 
$1*9 ; $0*7 : 

20*0 i 
$1 *0 1 

17*7 1 
$1*0 

14*7 1 
, $l *0 1 

0*8 
^ $0*4 

.11*8 

$1*5 

Ko nitrogen— 

AB . 

^ 16*3 

38*3 

P'2 

L„, 

$1-0 

13*6 

$2*4 

18*9 

$2*2 

28*9 

$0*8 

33*1 ; ■ 9*8 ^ 
. $1*9 ! $1*2 : 

44*9 1 
$3*1 ^ 

10*7 i 
$0*8 

1 

i 17*0 

1, $1*7 

7*8 
, $0*9 

8*9 

$0*8 

'WL , ■ . ■ . ' 

■ 16*3 
?1 *0 

14’7 

1 P-7 

15*9 

1 $2*3 

5*3 

$1*9 

I 11*4 
i' $2*1 

9*5 

$1*4 

0*8 ' 9*8 * 
$0*8 ; $1*4 ; 

34*5 ^ 
$3*0 

‘ 10*7 
; $!*() 

> 10*1 
; $0*7 

5*1 
$0*7 ^ 

4*1 

$0*8 


A IS « Aerobic, 

WL Water-logged. 


It will be observed that in Jfatoifoil, both under aerobic and wator-logj'od 
conditions, the general level of the bacterial population wilh sulphate of ammonia 
and no nitrogen was low at the commencement Init rose remai’kaldy diiiing th<^ 
first week ; the numbers subsequently decreased with minor fluctuations. With 
farmyard manure the population was maintained at a uniform high level from the 
very heginuir.g to the end of the third week, afterwards there was a gradual decrease. 
No such uniform chajnge was noticed in i)o?-aa soil in which the bacterial 
numbers, although fairly high at the outset, showed only periodic rise and fall. 
The bacterial numbers in the farmyard manure and sulphate of ammonia treated 
cultures of this soil were distinctly lower than in the control. This was 
confirmed, as shown later, by the respective amounts of carbon dioxide evolved 
from Dorsa soil receiving all these treatments. The depressing effect of 
farmyard manure on the bacterial population in the heavier of the two soils is 
somewhat surprising, and is apparently due to the formation of some inter- 
mediate product which proves toxic to the organisms capable of growing on 
Thornton’s medium. 
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The meaiiB of Syo or more oouuts at seven-day intervals for the whole experi* 
meat are given bolow. 

Table III 


Means of bacterial numbers at semn'day periods 


Treatments 

Dorsa soil 
(No. in mil- 
lions per 
grm. of 
soil) 

Matasi soil 
(No. in. mil- 
lions per 
nrm. of 
soil) 

f Aerobic 

15-2 

20*3 

Farmyard manure 



(Water-logged 

8-9 

14- 1 

f Aerobic . . . . 

19*6 

15*6 

Ammonium sulphate ^ 



Water -logged . . ' . 

8*8 

12*5 

f Aerobic . . . 

26-2 

16*1 

No niti'ogen ^ 



(Water -logged . . • 

13‘4 

11*4 


It is obvious that the relative effect of the individual manurial treatment on 
the bacterial population is not the same in the two soils. 


On comparing the aerobic cultures among themselves it is found that farmyard 
manure gave in general the higheso bacterial counts in Matasi soil and the lowest 
in the heavier soil— Sulphate of ammonia also depressed the population 
very markedly in Dorsa soil, whereas in Matasi soil it did not bring about any 
appreciable change in the bacterial numbers. 

Under water-logged condition Jfatoi soil did not show any marked difference 
in bacterial counts between the farmyard manure, sulphate of ammonia and no 
nitrogen treatments. But in Dorsa mil under similar condition the numbers in 
the farmyard manure or sulphate of ammonia treatment were distinctly less than 
those in the control. 

The water-logged ctiltures in both the soils gave consistently lower numbers 
than the aerobic ones. This is according to expectation, sirsce the organisms 
counted in the present case were mostly aerobic. One important fact that emerges 
out of the plate counts is that strictly aerobic bacteria are present in surprisingly 
large numbers under anaerobic condition in water-logged soils — thus doubtlessly 
proving the presence of a fairly abundant supply of oxygen in the rice soils during 
the crop season. 
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Table IV gives for each treatmeat the mean differences in "bai'itevial niimlHn’S 
between the aerobic and water-logged cnltxires. 

Table IV 

M&m diffmnces in hacfsrial mimhm's between aemhic mid m.(hmerffed eidinreH 


Treatments 


Dorsa seal Maimi soil 

(millions ]>nr (millions |)eF 
t^nn. s<h 1 ) soiU 


Farmyard, mamiro . 
Ammonium s'ul|)ha.to 
No iiitrog:e,n . 


It is interesting to note that borh sulphate of ammonia ami no nitrogen w'akr- 
Jogged treatments depressed the bacterial population as determirnHl the plate 
counts more in Dorsa soil than in Makisi. Farmyard manure, on the itmitrary, 
cauHod the least difference in bacterial numbers between the mxrobie and water- 
logged cultures in Dorsa soil and the iiighest in Mafmi. 

The results of ammonia determination in l>oiI} the series are detailed in Table 

V. 


Amnwniacal mtrogen changes {Ammoma-N asjxirts per million) 
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Proper precautions were taken in using Matlrews’ method, fV)r tlicM? ileUn*» 
3iii,iiationp. A water pump was used for aeratioi,! ; acid spravs were guarded 
against and much care w’as taken to ensure that tlie optiiniini aiiioiint of air passed 
through the aerating tubes. 

It may be observed from the data given above that in Mafam soil water- 
logging led to a diminution in ammonia both in the sulphate of ammonia and no 
nitrogen treatments. A similar effect, although not so marked, is also notieealde 
In the case of farm^^ard manure treatment. In Dorm soil while therci \\'m no a]>- 
preciable change in ammonia as a result of water-logging in (‘ulturi* ;rec'ei\’ing eitlic^^ 
farmyard manure or no nitrogen, a slight increase in ammonia iocfk p]ae<‘, w the 
one to which siilphat^e of ammonia was applied. 

The rate of decomposition of farnpyard manure under submerged condition 
approximates to that under aerobic condition — more in Dof^a than in soil 

The results of the bacterial <x)UBts also lead to the sanie coneluFion. 

The figures for the accumulation of ammonia in the sulphaic* ui‘ amniunia 
treatments indicate that in Matmi soil the redu(‘tiou of ammonia uiider subunugc^d 
condition is more rapid than its oxidation in the aea’ob.ic^. caiiture. Tin* mvovao is, 
liov’ever, thc’^ case in the clayey soil— ii! whi<h the eff(‘(*t of tlu^ activit}' of 
the nitrifying bacteria in the aerobic culture is more pron(‘unc(‘<i than t>hat of the 
de-nitrifying organisms under water-logged conditioii. 

It is evident that there is approximately an inverse rolationslup bc^tweeii bac- 
terial numbers and ammor ia. An increase in the bactt^rial pojmlation is ac;<K:irii- 
paiiied l)y a decreae in ammonia and vice versa. This rcjationship cibviously 
reflects cleereaBed bacterial activitj' due to increase in numbers. 

Tb.e results of nitiite and nitrate determination, are sliown in Tal»lirVL 




Table VI 
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There was greater accumulation of nitrite in Dorm than iii Matmi soil In 
either soil the quantity of nitrite io the aerobic cultures excootlcd, on the arerago, 
that in the e.orrespoadiug water-logged cultures. It may also lie noted that either 
very little or no nitrate was formed in the submerged cultures. 

Since nitrite cannot be detected in suffiGieiit quantities in noils covered with 
water, it may be concluded that some gaseous nitrogen is given off as the result of 
the a({tivity of the de-nitrifying organisms. It is probable that the prc^domiumice 
of these organisnivS in submergofl soils servos a very useful purpose in in’ornofciiig 
the sup[)ly of oxygen to the roois of the rice plant through the reduction of nitratr*. 
Harrison and Aiyer [1913-14] also concluded that the oxygen evolved, at the sur- 
face of the submerged paddy soil is utilised by the rice plaid for the purpose- of 
aeration of the roots. These authors, however, trace the evolution c)f oxj^gen 
to a film of organLed growth spread over the surface of the soil. It is also interest- 
ing to observe tliat according to Barritt [1933] de- nitrification ocunirring in percola- 
ting sewage filters accelerates to a very marked extent the oxidation of the organic 
matter in the sewage. 

Rebucvion of nitrate in submerged soils 

The experiments described below were carried out in order to ascertain fully 
the fate of nitrate added to these soils and gain direct evidence regarding the loss 
of nitrate under water-logged condition. 

Aerobic (moistened to fifty per cent of the water-holding capaeit)? of the soil) 
and water-logged cultures, similar to those already described, were » c^t up with 
the same samples of Dorsa and soils used in the pre\ioiis oxpfrr ifvieirts. To 

each sodium nitrate was added at the rate of 0*05 grm. nitrogen per kg, of dry 
soil. Soil samples were withdrawn daily and analysed for i-utrate, nitrite and 
ammonia contents. 

The daily changes in nitrate-nitrogen are shown in Table VII* 
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Table VII 

Reduction in added nitrogen 


Days from start 

Dorsa soil 

Nitrate nitrogen as parts 
per million 

Matasi soil 

Nitrate nitrogen as parts 
per million 

Aerobic 

Water -logged 

Aerobic 

Water-logged 

0 



« 

1 

95-00 

95-00 

67*05 

67-06 

1 



• 

•• 


80-87 

34-10 

2 


• 


90-03 

76-01 

80-62 

49-20 

3 


. , 


89-90 

64-25 

79*04 

50-50 

4 




104-15 

47*34 

73-60 

48-80 

5 


. 


96-60 

47-62 

76-49 

49-30 

6 


. 


96-34 

39-30 

73-80 

49-50 

7 




103-30 

35*17 

73*80 

29-30 

8 


. 


102*60 

28*04 

72-02 

42*60 

9 


• 


95-70 

22*50 

64-09 

31-20 

10 




88*09 

■ 22*70 

61-42 

. 25*70 


It is obvious that a considerable portion of nitrate disappears very quickly 
on water-logging the soils — the rate of diminution being much greater in the heavier 
^ soil than in the lighter one. In neither of the soils was there any marked dis- 

appearance of nitrate under aerobic conditions during the first ter days ; whereas, 
during the same period under water-logged condition the losses registered by 
Dorsa and Matasi soils amounted, respectively, to as much as seventy-seven per 
j cent and sixty-two per cent of the quantity originally added. It is therefore 

evident that the nitrate- reducing bacteria are more active in Borsa than in Matasi 
■' miL' \ ^ ■■ ■ ■ ■ '■ ' 
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Tii0 aitritse and aminoixia figures are given below. 


1 


Table VIII 



Showing accumulation of nitrite ami ammoniacal nitrogem in soil rectHwimj soiMum 

nitrate 



Dorsa soil 

Nitrogen as parts per million 

Matmi soil 

Nitrogen as parts per mil lion 

Days 

- 








from 

Aei’obic 

Water-logged 


Water 

■logun-d 

start 










NO^-N 

NHa-N 

NOa-N 

NH^-N 

NOa-N 


NOrN ; 

NH^-N 

0 

0*76 

52*0 

0*76 

52*0 

0* 17 

4S-I.) 

0* 17 

84*0 

1 

2*41 

51-0 

Slight 

37-7 

0*07 

ni-() 

0* 19 

37*5 

2, . 

1*92 

40*2 

Bo. 

35*8 

0-29 

58*6 

0* 17 

39*2 

3 . 

1-20 

40*9 

Do. 

37*2 

0'03 

61*0 

0* 13 


4 . 

1-20 

49*2 

Do. 

42*5 

0*31 

59-7 

0' 10 

42*8 

5 . 

2*38 

45*8 

Do. 

42*6 

0*60 

58*2 

0* 10 

44*6 

6 

4-04 

39*0 

Do, 

37*0 

0*61 

61*3 

0*10 . 

46*5 

7 . 

3*33 

62*0 

Do. 

56*9 

0*60 

56*3 

0*411 ‘ 

50*0 

8 . 

0*88 

25*3 

Do. 

24*7 

0*37 

48*7 

0*19 

5i*0 

9 , 

0-52 

28*2 

0*74 

45*5 

0*il 

49*8 

0*23 

52*2 

10 . 

0*59 

34*5 

0*90 

44*0 

0*10 

53*0 ^ 

0*17 

43*9 

11 . 


31*1 

. , 

42*2 

. . 

57*0 ; 

. » 

64*3. 

12 . 

. . 

34*2 

1 


44*4 

* ♦ 

66*7 i 

* * ■ 

52*3 


In spite of tixe fluototions in the figures it is evident tliat during the firet 
few days less nitrite and ammonia were formed in the soils kept under water 
than in those under ordinary arable conditions. A similar reduction of nitrate, 
although not so marked, has already been observed in the water-logged oultures 
of these soils receiving farmyard manure, sulphate of ammonia or no nitrogen. 

In both the soils the diminution of nitrate nitrogen under water-logged con 
dition was much in excess of the nitrite and ammonia formed. The intense ac- 
tivity of de-nitrifying organisms in the submerged soils is vividly brought out by 
the fact that not only a very large portion of the added nitrate was reduced withiii 
a few days but also the ammonia and nitrite already present in the soil suffered 
reduction to a marked extent. 

It may be seen that after the first week the accumulation of ammonia in tlio 
water-logged cultures exceeded that in the corresponding aerobic cultures, the 
difference being more pronounced in than in Matasi soil. Probably this is 
due to the efficiency of the de-nitrifying bacteria diminishing after a time owing 
to increase in numbers as has been observed by one of the authors in relation to 
the effect of bacterial population on the production of carbon dioxide ftom soil. 
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Experiment in culture solutions 

The following experiments were carried out for studying more effectively the 
comparative influence of the different treatments on the nitrate-reducing organisms 
in these soils : — 

One hundred grm. portions of soils were treated individually with farmyard 
manure and sulphate of ammonia, each at the rate of 100 mg. of nitrogen per kg. 
of soil. These cultures along with those receiving no nitrogen were incubated for 
three weekb both under aerobic and water-logged conditioiib, and afterwards IOO--0.C. 
lots of nutrient solutions in separate 250 c.c. Eiienmeyer flasks were inoculated 
with one grm. of soil (on dry basis) from each of the treatment s. The nutrient 
solution was prepared by sterilizing separately and mixing equal quantities of the 
following : 

(a) 2 • 5 grm. potassium nitrate per litre ; 

(b) 2-0 grm. potassium phosphate, 0*4 grm. magnesium sulphate, 0*2 grm. 

each calcium chloride, potassium chloride and sodium chloride, 
and 0*004 grm. ferric chloride per litre. 

The flasks were incubated at 32°C. and 2 c.c. of the solution withdrawn daily 
by sterilized pipettes for nitrate determination. The mean daily nitrate nitrogen 
for four-day intervals are given in Table IX, 

Table IX 


Nitmte^nitrogen in mg. per litre {means of four days) 



Dorsa soil 

Matasi soil 


Days 


Mean 

Days 


Mean 

Treatments 




difference 




difference 





in NO-j 


,. j 


in NO 3 


1-4. j 

5-8 

9-12 

(AE— WL) 

1-4 

5*8 

912 

(AE— WL) 


NO, 

NO, 

NO, 


NO, 

NO, I 

NO, 


No fAE. . 

323 ' 

300 

323 


305 

300 

323 

+20 

nitrogen < 

[WL.. 

j 263 

278 

285 

+ 120 

■ 285 

300 

323 


1 322 

315 

330 


293 

338 

341 

■ "b 23 

1 

Ammonium ^ 

i 



+ 143 

.285 

345 

319 

sulphate |^WL. . 

1 240 

292 

292 



■ fAE.,., 

Farmyard 4 

manure \WL. , 

1 293 

330 

313 


: 325 

341 

345 

00 

+ 

j:V293 

322 

308 

+ 13 

, 

293 

292 

308 


AE=== Aerobic. 

In. WL =: Water-logged. 
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Tlio solution cultures inoculated with loHs from the submerged troatiiu^nt'^ 
gave less nitrate than those inoculated with soils from the corresponding aerobic 
treatments. It is, therefore, evident that the de-nitrifyliig bacteria oecnirriug in 
the water-logged soils functioned effectively after hioculatlon into solution cultua s. 

The mean difference in the amounts of nitrate in cultures inoculated, resjiec- 
tively, with soils incubated under aerobic and water-logged conditions forms for 
each treatment a measure of the activity of the nitrate-reducing organisms. Ac- 
cordi-igly, it may be seen that in the presence of a mixed soli flora the de-nitrilying 
bacteria in the sulphate of ammonia and no nitrogen submerged treatiiicnts show 
greater vigour and activity in Dom than iiiMatasi soil ; with farmyard niaouiv, 
on the contrary, de -nitrification is much more intense in the latter so ilthan in the 
former. It is rather striking that the lowering of the bacterial numbers us 
effected by these treatments in water-logged soil ciiltiircs also leads to simila.r 
conclusions. 

The above data further helj) in understanding the relative influence of sul- 
phate of ammonia and fermyard manure (as compared with no nitrogen trx'at- 
ment) on the de-nitrifying bacteria present in either of the soils under water-Ioggtui 
conditions. Sulphate of ammonia, while proving beneficial to the de-nitrifitws 
in Dorsa soil, does not seem to exert any marked influence on these orgamisius in 
Matasi soiL Farmyard manure, however, has a distinctly toxic effect on the de-ni- 
trifying bacteria in Dorsa soil although it favours very appreciably their activity 
in Matasi soil. 

Cabbon dioxide production 

Some of the changes taking place in the soil as a result of anaerobic decom- 
position of green manure under water-logged condition have been studied by II m*- 
rison and Aiyer [19l:M4]. Methane, hydrogen and carbon dioxide are geneudly 
evolved in the body of the soil ; but at the sur&ce the change is entirely di.ffer<?nt 
and the gases consist only of oxygen and nitrogen. The difference was attributed 
to a film of organisms wliich have the power of converting methane into carbon 
dioxide and this into oxygen. Sohngen [ 1906 ] first isolated from the soil Jl 
methanicus which could transform methane partly into organic compounds and 
partly into carbon dioxide. Certain other common soil bacteria, capable of con- 
verting methane into carbon dioxide under anaerobic conditions have since been 
discovered. Muiiz [ 1915 ] has shown that some bacteria use the energy obtained 
by the oxidation of methane for chemeosynthetic utilization of carbon dioxide. 
This process maybe represented by the equation CH^ +202=C02 + 2 HoO -f 
218Cal8. 

It was accordingly thought of interest to follow the evolution of fiuc cai'bou 
dioxide under water-logged condition from the two rice soils, Matasi and IJorsu. 
each receiving farmyard manure, sulphate of ammonia and no nitrogen. For 
the sake of comparison the carbon dioxide produced from each of these soils under 
aerobic condition was also determined. 
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tChetotl carl)on dioxide produced in successive intervals of twenty -four bours 
ivas deter mined by aspirating air at tbe rate of four to five litres per day over 260 
gruis. of soilin 1000-c.c. Erlenmeyer flasks and absorbing it in a known volume of 
a standard baryta solution in Pettenkoffer tubes. The excess of baryta left in 
the tubes was determined by titration against standard hydrochloric acid. For 
each individual treatment two similar flasks were set up--one containing submerged 
soil and the other containing soil moistened to fifty per cent of its water-holding 
capacity. The doses of farmyard manure and sulphate of ammonia were each at 
the rate of 100 mg. nitrogen per kg. of soil. 

The mean daily carbon dioxide production for four-day periods is given in 
Table X. 

Table X 

Carbon dioxide production {means of four days) 


Treatments 

CO 2 evolution. Daily rate in mg. 
per kg. of soil 

Days 

Total CO 2 
produced in 
12 Dr 13 days 

Ratio of CO 2 
evolution 
AE : WL 


1-4 

5-8 

9-12 




(a) Matasi soil 



"AE. . 

67-6 

55-3 

43*5 

665*6 

Xo nitrogen ^ 

ywL.. 

24*2 

25*8 

37-6 

350*2 

fAB.. 

35*4 

34-2 

44*9 

458-0 

Ammonium ^ 




23*6 

446*7 

sulphate. 

[WL.. 

60*0 

28*1 

■ 

f AE. . 

120*7 

78*5 

30-7 

919*2 

Farmyard 

manure. 

^WL.. 

86 •4 

92-5 

23*6 

809-7 

¥ 



(6) Dorsa 

soil 


f AE. . 

97*9 1 

69*3 

61*0 

912*7 

'' Xo nitrogen 

[wL.. 

; 

54*8 

52*1 

61*5 

673*2 

Ammonium 

< 

V 

82*9 

38*1 

39*8 

1 643*2 

sulphate. 

l^WL.. 

23*2 

23*6 

41*1 

351*3 

Farmyard 

f AE. . 

I 76*0 

73*5 

20*3 

675*2 , 

manure. 

twL..' 

47*4' 

53*5 

12*9 

455*1 


1*90 


1-03 


1-14 


1*36 


1-83 


1*48 


AE== Aerobic. 
WL=Water-logged, 
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It will be seen that in each case more carbon dioxide was evolved from the 
aerobic culture than from the corresponding water dogged one. From the ratios 
of carbon dioxide evolution between aerbic and submerged soils {givi)n in Table X} 
it is, however, obvious that the production of carbon dioxide unclear water-logged 
condition did not lag much behind that under aerobic condition. 

In the present set of experiments the surfaces of the suf)mergcd soils were caro 
fulty examined from time to time, but the formation of an algal film could not l>cs 
traced in any of the cultures. Moreover, the presence of a film of micro-organisiiis 
on the surface would have almost completely prevented the evolution of free carbon 
dioxide by converting it into oxygen . 

It has already been pointed out that the numbers of the strictly ac*!roi>ic liac- 
teria in the submerged cultures of both the soils, although much lower thati those 
in the aerobic cultmes, are sufficiently large to prove the presence of a fiirly idmad- 
ant supply of oxygen in the water dogged soils. It seems tluu*idl)re rcaHouable to 
assume that as far as these soils are concerned the procicsms leading to the forma- 
tion of carbon dioxide under submerged and aerobic conditions are more or less 
the same. The diminutiori in the production of carbon dioxide as a result of water- 
logging is according to expectation, since the supply of oxygen is less in the sub- 
merged culture than in the corresponding aerobic one. 

The relative effect of water-logging on the carbon dioxide evolution is, however, 
not the same in the two soils. In the Matasi soil water-logging diminishes to a 
much greater extent the production of carbon dioxide in the untreated culture than 
in either of the treated cultures. The reverse is, however, the case in the Dorm 
scil in which water-logging causes an appreciably greater diminution in the evo- 
lution of carbon dioxide in the treated cultures than in the control. Both under 
aerobic and submerged conditions more carbon dioxide was produced from Dorsa 
than from Matasi. With farmyard manure, on the contrary, more carbon dioxide 
was liberated ftom Matasi soil than from Dorsa. It is also evident that in the 
latter soil sulphate of ammonia inhibits carbon dioxide production to a ver^^ marked 
extent. It is interesting to point out here that the bacterial numbei®, m obtained 
by plate counts, are higher in Dorsa than in Matasi soil. Also sulphate of ammonia 
distinctly lowers the bacterial numbers in Matasi soil. 

Whatever the exact mechanism leading to the formation of carbon dioxide 
in water-logged soils, the results of the experiments summarised above tend to 
show clearly that there is a close similarity in the processes by which carbon dioxide 
is produced in these soils xmder aerobic and water-logged conditions. 


Summary 


The biochemical processes involved in the decomposition of farmyard 
manure and sulphate of ammonia under water-logged and aerobic conditions 
in two of the main rice soils of the Central Provinces were investigated in the labora* 
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The numbers of the strictly aerobic bacteria in the submerged cultures of 
both the soils, although much lower than those in the aerobic cultures, were suffi- 
ciently large to prove the presence of a fairly abundant supply of oxygen in the 
rice soils during the crop season. 

Application of either farmyard manure or sulphate of ammonia depresses 
the population (both under aerobic and water-logged conditions) in the heavier 
soil, Borsa, while no such effect was noticed in the lighter soil, Maiasi. 

In Matasi soil water-logging in general led to a diminution in ammonia. In 
Borsa, soil there was, as a result of water-logging, no change in ammonia in cultures 
receiving farmyard manure, but the one which contained .sulphate of ammonia 
showed a significant increase. 

An inverse relationship exists between the bacterial numbers and ammonia 
accumulation. 

The accumulation of nitrite was more in the heavier soil than in the lighter 
one. Nitrate was almost entirely absent in the submerged cultures of either soil. 

In one of the soils (Borsa) sulphate of ammonia proved beneficial and farm- 
yard manure toxic to the de-nitrifying bacteria. But in the other soil (Matasi) 
while sulphate of ammonia did not show any effect on these organisms, farmyard 
manure distinctly favoured their activity. 

The amount of carbon dioxide produced from each of these soils was measured. 

The re.srdts indicate that the processes leading to the formation of carbon dioxide 

imder submerged and aerobic conditions are essentially the same. 
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‘[•NTEODIJCTIOK 

A large number of agricultural experiments are (Unsigned to olwndnte uifor- 
rnation only on simple and direct issues, as for example, the relative 
of different doses of nitrogenous manures, or the 

selected strains of rice. It is however often <iesirable to stiuh tbe Ihr-t of one 
factor in relation to a second. E-r example, the agii<nilturist may Ih’ i" 
to know the individual requirements of doses of manures oX. for 
varieties of rice ; for it is well known that all varieties do not resisind eciualls 
to the same mammal or ailtural treatment. For studying snob interactions 
between two or more factors aftectiiig yields of crojis, the mo,<t smtalile f,W!hni<i.ie 
rre ‘ Complex Experiment*. In such experiments, the relevant f^tms are 
superimposed and laid out in one large but compact plot 

block divisions for convenience of agricultural operations and | ” 

heterogeneity. It has been foimd that the complex ex,>enment b> alkn^ng 
every one of a set of differentia] treatments to be combined with e\ ei \ one o 
another set, gives to each set of comparisons the .same prmasion as if fl'« ^hok 
experiment had been devoted to it alone. In addition, the design provide, m- 
Sltion on the same level of precision upon any differential responses that 

( H ) 
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may exist among the differejit treatments ”, Finally, the large amount of data 
available in a complex experiment allow, after elimination of soil differences 
and treatment effects, sufficient degrees of freedom for a precise estima.te of the 
residual error. 

Object of the expebiment 

A study of response of rice plants to cultural treatments is for many reasons 
a very important problem for Bengal. In fact, for many parts of this province, 
a manurial treatment of rice fields is not essential, and is also not likely to bo 
of much economic significance. What is particularly needed is to. increase yield 
by a careful f election of heavy-yielding varieties suitable for each district and 
situation, and a detailed study of the effect of cultural operation s such as spac- 
ing, water recpurements at various stages of plant growth, rime of planting and 
seedling number per hole, etc., on the yield per acre. Of these, the water re- 
C|uirement plays a very important part at different stages of the plant life and 
deff 3 rmineF to a large extent the final yield ; but for want of proper facilities, 
this factor cookl not be included in the present test. Three other factors, namely, 
time of planting, spacing, and seedling number per hr.le were combiired in one 
complex experiment, and their effects on three varieties (ff rice with different 
ripening habits have been studied in all possible combinations. 


Method of experiment 

With a view to examine these mutual interactions, a four- fold complex experi- 
ment was designed in tlie Statistical Laboratory, Calcutta, and was laid out in 
the Chinsuroh Farm, Bengal, in 1933, and comprised the following four sets of 
factors : — 

(I) Three different vaiieties of rice : — 

(1) Nehara : — with early ripening habit. 

(2) Bhasmnanik : — ^with medium ripening habit. 

(3) Bhasakalma with late ripening habit. 

(II) Five dates of planting : — 

(1) July 16. 

(2) August 1. 

(3) August 16. 

(4) September 1. 

(5) September 16. 




’.raking ail tko four \wiat6H, there w'ore (oXox»>Xaj or uiiwreiil treats- 
meiits. Each treatment was replicated three times, givijig a toiat of 405 plots. 
The total area uiider the experiment was tfiriH*, ar-res, am! tiie arei * |H‘r rmitf plot- 
was 9 ft.x 18 ft. (1/269 acre approximately). 

The lay-out adopted is showm in the annexed diagram. The experiment 
was dividod into three blocks/each of which contained one set of all tieatmeni . 
The plots of the ^ame sowing date within each bicok were grouped tugidlier, and 
the position occupied by the sowing date groups within the blocks were deter 
mined at random. This grouping togetlier of plots of the same sowing date was 
adopted to facilitate cultural operations. For the samc^ reason, the tlire© varie- 
ties were also laid out in compact rows. The nine {foinbinatioiis of spaciiigs 
and seedling numbers wei’o then thrown at random within each combinatioii 
of date of planting and variet\?' as shown in the diagram. Actual yields are given 
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.The harvest was gathered 'bet wccu i8t.h Novt^itiber and 2hi Dcoeiiiimr 
1933. Besides the yield of grain and straw, the following i‘haraet(»rs a!a) 
observed:— 

(1) Date of flowering in the different plots. 

(2) Height of the plaijts in the different 

(3) Length of iidkxreseence in the different plots. 

(4) Niindjer 

Rainfall 

The weekly totals of rainfall in Hie Ghinsurah Farm during the season together 
with the nuiiiber of rainy days in the week are given in Table I. It will he seen 
that the rainfall was well-distributed over Ajii'il and *\ray : the dowiifiour howew*’ 
began to be excesivein June. The norniai for thenioidh is Ithdfjin., wIktcuis 
the actual rain was 17*65 in. Besides, 7*28 in. of rain in om* da\‘ (24th dune), 
Hooded the entire farm and there was great diffi<*uliy m draining out tht^ water. 
Normal rain continued throughout July, .August and Hepttnnbe!*. Tfie* rosuli 
was that transplanting had to be done under very mifavourahle oiresanstauces ; 
aiid the standing water, which persisted to a dcjpth of' im^re than one 
adfected the varieties considerably, and the tillering was uniformly poor, Tht? 
young seedlings thus did not get a good skirt, aiid the final yieWs were rather poor. 
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Table I 

Weekly totah of rainfall in inches at Ghinsurah Farm, 193S 


Period 

Total 
! rain- 
1 fell 

1 

No. of 
rainy 
> days 

Period 

Total 

rain- 

fall 

No. of 
rainy 
days 

Mai’eli 

(t 

1—31 

i 

O'OO 

0 

July 

8—14 . 

1-35 

."■5,'P 






15—21 . 

3‘12 

'' 5 \ 

April 

1-^7 

! 0*00 

0 

» ’ 

22—28 

1*60 

- 7 ' , 



2-38 

3 

' s» 

29—4 Aug. 

1*34 

4 

»» 

15-^21 

! 0-97 

1 





»» 

22—28 

1 1- 50 

' 2 

Aug. 

5—11 . 

2*68 



28-».5 May: 

1-53 

3 

!■ , 

12—18 . 

4*80 





(■ ■ 

i ' ■ 

19—25 . 

6*03 

7'., 


^12 

0-88 

■ 4 

; Vr"' 

26 — 1 Sept. 

1*77 



■ ' . 

0-51 






»!* 

2i>— 29 

0* 37 I 

1 . ' 


2—8 ■ ', . 

2*07 

. A'''. 

>• 

27 -2 Jim'e 

. i * 99 . 1 

! P 5 ■. 

! 


9—15 

0*39 

3 





»» 

16 — 22 

6*98 



3 -ft . 

■ ;, 2*38 ■. 

2 ^ 


23—29 . 




10—16 

p I^Si ^ 

j 

»> 

30—6 Oct. 

I*'64'-':"’ 

1 

- 


wirn'm 




[, f,' 





' v: . • 

. -.n ; . 5 

Get. 

7—13 , . 

0-00 

0 






14—20 . 

2-56 

5 

fe;v ' ■ 




A ' 

21— 27 . 

0-87 

2 

m 

Hi 

is 

fV«' - 


28—3 Nor, 

, o-oo 

0 

, 

' ^ i ' ( ''I -I 

, ' 
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Statistical analysis of .data and discussion of results 

The analysis of variaiicef of the yield of grain is shown in Table II. The 
actual yield data are given in the appendix. 


Table II 

Analysis of variance, y ield of grain in tolas 


Factor of variation 

Degrees 

of 

freedom 

■, 1 

Sum i 

of : ' 1 

squares i 

■ 

Varianc 

. Mean variance 
EtTor variance 

Block . . . . . 

2 

288,195 

144,097 

60 



Date of planting . . . 

4 

9,669,367 

2,389,841 

75 

•78 

45** ■, 

Error . . , . 

8 

243,685 

30,460 

63 ^ 



Variety . . 

2 

1,417,033 

708,516 

50 i 

J20 

12** 

Planting X Variety . 

8 

236,867 

29,608 

37 

5 

01 ♦♦ 

Error . * 

20 

117,960 

5,898 

30 

* 


Spacing . . . 

2 

129,696 

64,847 

50 ^ 

,47 

54** 

Seedling . ... 

2 

66,381 

32,690 

50 

.■ 23 

96** 

Seedling X Spacing, . . 

4 

5,583 

1,395 

75 ■ 

1 

02 

Planting X Seedling . . 

8 

19,871 

1 2,483 

87 

1 

82 ' 

Planting X Spacing 

8 

42,563 

1 5,320 

37 ! , 

3 

90* 

Varieties X Seedling . , 

4 

4,450 

1 1,112 

50 1 

0 

81 

Varieties X Spacing 

4 

0,226 

I. 1,306 

50 r' 

0 

95 

Planting X Variety X Seedling . 

16 

63,864 

3,990 

‘87 '' 

2 

>92* 

Planting X Variety x Spacing . 

16 

47,239 

2,952 

■43 

2 

•16* 

Planting x Seedling X Spacing . 

16 

23,070 

1,441 

■87 1 

1 

-05 

Variety x Seedling x Spacing . 

8 

9,686 

1,198 

‘25 

0 

•87 

Planting x Variety x Seedling x 
Spacing. 

Error ..... 

! 32 

239 

30,295 

326,007 

94%71 

1,364 ‘05 i 

1 

0 

'69 


— ^Items marked with two stars (**) are significant on a level of one per ccnit 
probability, and those marked with a single star on the level of fiv(* per (icni pro- 
bability. 

fThe yield of one plot was found missing. This was rcconstimetod by the 
method of minimising the error variances described by Yates in “ tJie AnalyvSis of 
Replication Experiments when the Field Results are Incomplete Emp. 

Agric,, Voh 1, 1930, 129-142, 
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Prom TabJe II the significant effects can at once be located— 

(I) Among primary effects— 

(1) the date of planting. 

(2) variety. 

(3) spaciog, and 

(4) number of seedlings 

are all significant. 

(II) First-order interactions between — * 

(5) date of planting and variety, and 

(6) date of planting and spacing 

are significant. 

(III) Second-oiTier interactions between- — 

(7) date of planting, variety, and number of seedling, 

(8) date of planting, variety, and spacing 

are significant. 

(IV) The third- order interaction is inappreciable. 

These results may now be shown quantitatively. The primary results 
shown in Table III. 

Table III 

Mmn yield of grain in tolas per plot 


Variety , — The mediiiin ripening BhasamaniJc is by far the largest yielder, then 
comes i he late variety Bhmakalma, while the early Nehara gives the lowest yield. 
The differences are considerable in magnitude. 

’ Date, of ^ylanting , — The highest yield was obtained for the second date of plant- 
ing (August i) ; the first (July 16} and the third (August 16) are practically iden- 
tical, while the fourth (September 1) is decidedly inferior to the first three, and 
the last one (September 16) is a clear failure. 


Varieties 

Mean 

yield 

Bate 

of 

planting 

Mean 

yield 

Spacing 

Mean No. of 

yield seed- 

! lings 

; ■ - \ , 1 

Mean 

yield 

Nehara ■ ' . , 

278.62 . 

July 16 

434.27 

6 in. 

374.03 1 

337.25 

JBhammanik ■■ 

423.10' 

! Ang. 1 

477.99 

9 in. 

357.41 2 

356.77 

Bhasakalma . ' ■ ' . . . 

360.31 . 

Ang. 16 

438.76 

■ 12 ill. . I 

330,59 Local 

368.00 


1 

; Sept, 1 

363.25 






1 Sept. 16 

66.80 




Mean ..... 

364.01 


354.01 


364,01 

.364.01 

Standard error . . , j 

2.20 1 

■ 

4.22 ■ 

i 

1 

3.17 

3.17 
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Spacing . — The closest spacing (6 in.) giyes the highest yield, nine in. spacing 
gives four per cent, lower yield, and ^twelve in. spacing twelve Y)er cent kwar 
yield than the six in. spacing. 

Number of seedlings per hole . — The local method (t\?o to four r.eedlings) 
gives the best results ; yields with one or two seedlings are ; ignirn*antly lower, 

inkfacUons.—ln order to appreciate the full iinplications of the primary 
efteots, an examination of the significant interactioiiB is essontiai. 

The interactions between variety and '' date of plaiiilng are shown in 

Table IV. 


Table IV 


Interaction of date of planting and variety {mem% yuM of grain in tolas per plot) 


standard error « 4 . 03 


Difference between Varieties- 
Bhasamanik — BkasakalmB. 
BhasakaZma — Nehara 
Bhasamanik — N eham 


Standard error of difference ==6.07 


It will be seen that all the differences except one are statistically significant. 
Ignoring the 5th planting (September 16) for the present, since for both Nehara 
and Bhasakalma^ it was a failure, it is evident that the 2nd (August 1), 3rd 
(August 16), and 4th dates (September 1) give much larger differences com- 
pared to the first (July 16). 

The difference between Bhasamanik and Bhasakalma is thus less niai‘ke<l 
for July 16 than for August 1, August 16 or September 1. Similarly, the differ- 
ence between Bhasakalma and Nehara is more marked for August 16 and Septem- 
ber 1 than for July 16 or August 1, As regards Bhmamamk and Nehara, the 
difference is more marked for Augmst 1 and August 16, and part icularly for Sep- 
tember 1 than for July 16. 



Date of planting 


Variety 

July 16 

Aug. 1 

■ Aug. 16 j 

Sept. 1 

i 

Sept. 10 1 

Mean 

MeTiara , . . . 

372.81 

1 

396.00 

357.29 

260.35 

6.74 

278.62 ' 

Bhasamanik 

474.68 

541.18 

498.68 

439.72 

161,22 

1 42S.10 

Bhasakalma . • • 

455.81 

496.88 

460.29 

' 889.08 

* ■ ' 0.40 

860.81 

Mean . . • • • 

434.27 

477.99 

438.75 

363.26 

66.80 



45.30 

38.39 

•. 60.04, 

160.82 

98.98 

103.00 

129.33 

—6.34 

144.28 

141.39 

179.37 1 

165.48 
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The mteractions between “ date of planting ” and “ spacing » are given in 
Table V. . ® 


Table V 

InteracMon of date of jjlanting and spacing {mean yield of grain 


Date of planting 


Spacing 


Mean 


Standard error « 7. 17 


Differences- 


Standard error of difference =10.10 


A spacing of six in. is practically of no advantage over nine in. for the first 
two dates of planting. Its usefulness increases very rapidly a» the date of 
planting is more and more delayed. 

Between nine in. and twelve in., the difference was always significantly in 
favour of the nine in., except for the second date, when the difference was nob 
appreciable. Here also a closer spacing is found to be more useful for tiie late 
planting. 

Between six in. and twelve in., the differences are considerable, but still 
for the second date of planting the difference is insignificant. 

We thus find that neglecting the 5th date of planting (September 16) which 
was a failure in certain cases 

(1) A closer spacing is extremely useful if the date of planting is delayed. 

(2) For the normal date of planting in this part of Bengal (August 1), 

the yields of grain for all the three spacings did not differ appre- 
ciably. The conclusion cannot however be considered final, since 
in this particular year the first date of planting was prejudicially 
affected by heavy rain. 

(3) For the early planting (July 16), the difference between nine in. and 

twelve in., also between six in. and twelve in. is significant. 




—7.13 

20.46 ^ 

29.74 

24.29 1 

18.34 

20.41 1 

55.48 

14.10 

11.21 

■' 40.87' 

85.22 

38.39 1 



INDIAN JOURNAL OF AGRICULTURAL SCIKNC'K 


The second-order interactions between “ variety ”, “ date of planting ”, and 
” spacing ” are given in Table VI, and the various differences in Tables VII and 
VIII. 


Table VI 


Inkm-ction of variety, planting and spacing {mean yield of grain in tolas per 


Bate of planting 


Spacing 


Variety 


Nehara 


Bhasamanik 


Bhatak^lma 


Mean 


S tamiard error »« 1 2 . 3 1 


Failure of NeJiara and BJuuahaJma on September 16 is evident from the last 


column 


Table VII 


Mean difference in yield {in tolas per plot) between 64n. and 94n* spacing 


Date of planting 


Varieties 


Nehara 


Bhasamanik 


Bhasahedma 


Mean 


Standard error of difference =17.35 
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Table VII shows that differences between six in. and nine in. are insignificant 
for July 16 and August 1 for all the varieties. 

In Table V the superiority of six in. over nine in. was significant for August 
16 ; this because Nehara (early variety) alone showed this tendency while for 
the two other varieties the differences were insignificant. 

For September 1, both BJmsamanik a^nd Bhasahalma gave better yields for 
six in. spacing than for nine in. For September 16, Bhasamanik alone gave an 
appreciable yield which certainly shows its remarkable adaptability. 


Table VIII 

Mean difference in yield {in tolas per plot) between 9 -in, and 124n. spacing 


Varieties 

Date of planting 

July 16 

:■ . ■ 1 

Aug. 1 

Aug. 16 

Sept. 1 

Sept. 16 

Nehara 

20.5 

17.6 

10.2 

78.6 

1.9 

Bhasamanik 

34.4 

7.6 

18.6 

23,7 

41.0- 

Bhasahalma 

22.3 

29.9 

32.3 

64.0 

~0.6 

Mean . ■ - . 

. ■ 25.73 

18.33 

20.36 

55.43 

14.10 


Standard error of difference =: 17.35 


Table VIII indicates for July 16 a big difference for Bhasamanik, while the 
two others show no appreciable difference as the spacing is changed from nine in. 
to twelve in. This significant increase of Bhasamanik is responsible for the 
positive response of July 16 in the first-order interaction. 

For August 16, the difference for Bhasahalma alone is on the verge of signi- 
ficance . For September 1 both Nehara and Bhasahalma show considerable 
increase, while Bhasamanik gives practically the same yield for both spacings. 

For September 16, Nehara and Bhasahalma figures are unreliable ; but 
Bhasamanik shows a definite increase in yield for ninfi in. spacing against twelve in. 

Table IX gives the second-order interactions between date of planting 
variety and seedlings per hole actual differences being given in Tables 
Xand XL 
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Table IX 


Interaction of planting f variety and scedUngs 


Kiimber of 
seedlingsper 


Nehara 


Local method 


Bhmmmnik 


Local method 


Bhmakalma 


Local method 


Standard error ** 12 . 81 




Date of planting 


Varieties 






July 16 

Aug. i 

Aug. 16 

Sept. 

Nehdra 

-—25*8 

51.7 

14.8 

27.'; 

Bhasamanik 

16.1 

1.7 

8.0 

26. J 

Bhasakalma 

32.9 

0.4 

59.0 

8.t 



Standard error — 17*35 










Mor July 16, all the differences are insignificant. For August 1, Nehara alone 
gives significant inerease for two seedlings. For August 16, the differences for 
Nehara .d^nd Ehasamam/Uc are not significant ; but it is significant for MhMalma. 
It may be noted that Nehara gives a maximum yield at this date. 

For September 1, all the differences are insignificant. For September 16, 
Bhasamanih shows a definite increase for two seedlings over one seedling per 
hole. 

Table XI 

Mean difference in yield {in tolas per plot) between kvo seedlings per hole and 

local method 


Standard error = 17* B5 


For all dates of planting the ‘ local method ’ is as good as the two-seedling 
method for Bhasahalma mA Bhasamanih\ the latter however shows an 
increased yield under the Moeal method ’ only for September 16. 

has given an anomalous result. For July 16, August 16, and Sep-- 
tember 16, the differences are insignificant; for September 1, the difference. is 
significantly in favour of ‘ local method ", while for August 1, the two-seedling 
method has given an appreciably higher yield than the local one. This parti- 
cular behaviour for August 1 requires further investigation, before it can be con- 
sidered as established. 

All other interactioirs are insignificant. 

It must he added that the results discussed above were almost certainly 
affected by the conditions of the season, and it is not unlikely that at least some 
of them will be modified under varying seasonal conditions. With a view to 
obtain information on this seasonal influence, the experiment is being repeated 
for three consecutive years, and the results will be discussed in subsequent 
notes* 





Date of planting * 

Yarieties 

Jnly 16 

Aug. 1 

-Ang. 16 

Sept. 1 

Sept. Ifi 

Nehara . ' ■ ■ . ■ 


-48‘2' 

11-4 

41-7 

0-7 

Bhasamanik 

1-1 

5-9 

12*2 

23- 1 

38-3 

Bhasahilma . 

-8-5 

25*2 

7-1 

32-5 

0*0 
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SUMMABY 

The present paper gives the results of a four-fold complex experiment on 
rice with three varieties with different ripening habits {Nehara, BJmmnutnik^ 
Bhasahalma) ; five dates of planting (July 10, August 1 and 16, September 1 and 
16); three spacings (6-in.; 9-in., 12-in). ; and three different numk^rs of seedlings jht 
hole (one plant, two plants, and local method) laid out in orthogonal and rando- 
mized plots in three blocks. 

(1) All the three varieties of rice give the largest yield when planted on 
August L For this date of planting, the three different spacings, (6-in.), (9dn.} 
and (12-in.), make no appreciable difference in the total yield, although the total 
number of plants per plot in the three cases is in the proportion of 6 : 4 : 3. Again, 
the yield is not significantly different whether the method of planting is of * local 
type^ or one seedling, or two seedlings per hole, except for NeMra (early 
ripening) which shows the highest yield for two seedlings per hole, 

(2) The system of spacing and seedling-number per hole becomes increasingly 
important as the date of planting is delayed. Thus a closer spacing as well as 
a larger number of seedlings are necessary for later dates of planting. This is 
to be expected from physiological considerations of plant growth, but the quanti- 
tative results obtained in the present experiment have indicated the remarkable 
adaptability of BTmsamanih (medium ripening) for all the dates of planting and 
spacings. Even for the latest date of planting (September 16) it gave fairly large 
yield with all spacings and seedling numbers. Bhasahalma (lata) and particularly 
NeJiara (early) lack this important quality, and need closer spacing and greater 
seedling number for maintaining a high yield. Both of them failed for September 
16 under all conditions of spacing and seedling number. 
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Appendiic 
Yields of rioe 
Field 1 



Septemljer 1 

July 16 

August 1 

September 16 

August 16 

s 

f D ■■ 

264 ‘0 

A 

376*0 

D 

381*5 

E 

10*0 

I 

308*5 

1 

F . 

211*0 

F 

829*0 

H 

387*5 

B 

3*0 

A 

316*6 


■ E 

296 -0 

B 

338*0 

I 

344*0 

F 

2*0 

H 

822*5 


a 

450*0 

G 

406*0 

E 

451*0 

C 

86*0 

D 

416 *5 

a 

A, 

416*0 

E 

418*6 

A 

476*0 

I 

141*0 

F 

400*6 

«s 

I 

4B8*0 

I 

394*6 

F 

460*5 

G 

314*0 

G 

419*0 


B 

867*5 

C 

393*0 

G 

421*0 

D 

0-5 

C 

367*6 

« eg 











l| 

C 

H 

243*0 

898*5 

H 

D 

406*0 

406*0 

C 

B 

397*6 

423*6 

H 

A 

nil 

nil 

B 

E 

411*0 

430*5 


F 

818*5 

A 

388*6 

E 

412-5 

B 

nil 

G 

451*5 


G 

450*5 

I 

865*6 

F 

405*6 

c 

1 *0 

A 

409*6 


,E 

874*0 

G 

401*5 

A 

404*6 

F 

nil 

H 

393 *5 

. c3 

1 

207*0 

H 

338*0 

C 

801*5 

G 

16*6 

D 

313*0 


G ■ 

168*5 

E 

308-0 

B 

344*5 

I 

2*5 

F 

268-0 


A 

225*5 

D 

306*5 

G 

340*0 

A 

8-0 

B 

298*5 

: ' • j 

Am i 

D 

413*5 

F 

339*0 

H 

466*6 

D 

281 *0 

E 

404-5 

ji 1 

H 

489*0 

G 

370*5 

J> 

448*5 

E 

173*0 

: ^ 

403*5 

pqS j 

B , 

389*0 

B 

398*0 

I 

444*0 

H 

229*0 

E 

870*0 


I 

373*0 

F 

356*0 

I 

420*0 

I 

1.6 

I 

882*5 

|| : 

D 

425*5 

B 

877*0 

H 

456*6 

E 

nil 

D 

440*6 

■ 1 

A 

418*0 


372*5 i 

.1 

D 

380*5 

G 

nil 

F 

875*5 

i 

E 

467*0 

A 

882*0 

G 

464*0 

B 

120*6 

B 

462*0 

rtAJ ' 











1’3 ' 

Ja m 

F 

394*0 

H 

405*0 

B 

479*6 

■ F ■ 

127*0 

A 

482*0 

mu 

0 

351*0 

D 

448*0 

C 

462*5 

A 

174*0 

E 

462*0 

■ ■■■ ' ■■ ■ ^ ■ ■ ■ ■ 

G 

380*5 

G 

876*0 

E 

420*0 

D 

8*5 1 

C 

320*0 

H 

381 *5 

I 

327*0 

A 

415*6 

H 


G 

413*0 


3i 

318*5 

i c 

855*6 

F 

481*0 

G 

3*0 

E, 

. 350*0... 


H 
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MeU 2 


Suptc«ib<jr 10 


S6i>te»il)er 1 


August 10 


August 1 


297-0 

a 

2*5 ; 

# 

312-5 

F 

4-0 , 

I 

218-0 

D 

9-0 

1 M 








Heham Blmsa- j ifehara | Biiasa- Bimsa- 

I j naanik Salma 
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August 16 


September 1 


August 1 
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INFLUENCE OF vSTORAGE ON SOME OF THE FIBHE- 
PROPERTIES OP DHAR WAR COTTON 

BY 

- H,.R. NAYAK, , 

Techmhgical Assistant^ DJmmar 
( Received for publication on 0th October 1935) 

(With two text-figures) 

I. Iotbodfctiok 

Tn the testing of cottons for the deterinijaation of fibi'o-proporticss, it froquoutly 
happcUH that due to pressure of work some samples remain untesttnl ibr a etui iTiu 
period of time. The quc^stion arises whether any change in 1-hti fiI)re-|"iropm:tieH 
is caused by storage, if clean samples are kept for about a year under (’>x<‘eptionaily 
favourable (jondition, as regards humidity and prok^^iion frmn rafn, otr. Thr 
object of prescmt investigation is to find out whetlier ami to wbat extent tlie 
more common of the fibre-properties exhibit any variation due i <> storage under^ 
these special conditions. 

Important and extensive investigations have already l>een <lone by Ahmad 
[1936] on the effect of storage of kapas on the quality of cotton, A study of the 
deterioration of cotton stacked in open plintlis at Karachi has also Ihhuii made 
by the same author [Ahmad, 1934]. The work reported in this pafRu* was unciar- 
taken in 1929 and tests on the three principal fibre-pro])erties, length, weight 
and strength were carried out at an interval of six months for a piuTod of tlmn'. 
and a half years. 

■ , . V 11. IXBEBMKNTAh 

(a) Material 

The cotton selected for the experiments was Dharwar I as it was found by 
Turner [1929] to show very little variation in fibre-properties in different s^^asons. 
The test sample (season 1928-29) was kindly supplied by the (Cotton Bmeder, 
Dharwar. 

(b) Storage 

A sample of about 2 lbs, was preserved in a loose condition in a cloth bag, 
which was kept in a clean and dry cupboard. Samples were iakeii from this 
bag periodically for testing. The first sample was taken after six months and the 
seventh (la^t) in September 1932, after a period of three and a half years. 

(o) Sampling 

In order to get a fully representative and satisfactory samplOj sampling 
methods described by previous writers [Calvert and Summers, 1925; Turner, 

. ...r 0,-, 
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1928 ; and Clegg, 1932] were followed. Each t*est sample was divided into 
two equal parts and each sub-sample was again divided into two equal parts, 
and this process was repeated until there were thirty-two parts in all. From 
each one of these groups, small bundles of fibres were drawn and cleaned one 
by one. These were drawn by hand and mixed together into a sliver. The 
hand sliver after drawing, mixmg and doubling together was passed through 
a draw-box several times till a representative sliver, having most of the fibres 
parallel and straight, was obtained. 

{d) Experimental procedure, 

(i) Mean fihre4engtli . — The mean fi.bre-length was determined by two instiui- 
ments, (1) Balls [1916] Sorter, and (2) Baer Sorter, using the methods suggested 
by Ahmad [1933, 1]. The results obtained by these two instruments serve as 
checks upon each other, though the Balls Sorter is really the more useful instru- 
ment. Two tests were made with the Balls Sorter and four with the Baer Sorter 
and the mean was calculated from the results. 

{ii) Fibre-weight per unit length . — In determining the fibre-weight per inch, 
method prescribed by Ahmad [1933, 2] was followed. Fibres were cut into one- 
centimetre lengths by a suitable cutter and of these about 250 fibres were counted 
and weighed each time on a sensitive quartz micro-balance of the type described 
by Morton [1926]. In all about 3,000 fibres in groups of 250 fibres per lot were 
weighed. From thet^ results the mean fibre-weight per inch was calculated. As 
cotton is hygroscopic, the values obtained for fibre-weight depend upon the mois- 
ture content at the time of weighing and this in turn depends upon the prevailing 
temperature and humidity of the atmosphere. In order to have comparable 
values, therefore, they were all corrected to 70 per cent relative humidity using 
the correction factor suggested by XJrquhart and Williams [1926], 

{Hi) Fibre-strength. — ^Fibre-strength was determined by the O’neilFs Hair 
Tester as modified by Mann and Pierce [1926]. About 300 fibres were tested 
.singly on one-centimeter lengths and from the results obtained, the mean fibre- 
strength was calculated. 

As fib re -strength is also much affected by the changes m the atmospheric 
humidity, the results were corrected by using the factor recommended by Ahmad 
[1933, 3]. The fibre -strength per unit fibre- weight per inch was calculated from 
the results obtained for mean fibre-strength (ozs.) and the mean fibre-weight per 
inch (10-® ozs.). 

(iv) Colour . — During each test, the lint was examined for feel and colour. 
These are rather difficult tests to make, for no numerical expression ean be given 
to them. The colour was at first creamy, but as the, period of -storage increased, 
it became more and more dull, until finally there was a marked change in its 

appearance. 




IfIBEB-PROPEETlES OF OHAEWAE COTTGH 


r*t. (riBKfi tcwciTH.) 


length jRRE^WLA^lTy.J 


rw. FlftRE*.W£lG-Hr FhR ItsrCH.) 
F‘S. (FlSEE 5r/?£NarHj 
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X9t3 i350. 1350. 1331 1331 13>JL. 1931. 


Fig* 2. Change of fibre-properties with date 


T«kble I gives tiio mean fibre-length and fibre-length distribution. 
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Table I 

Mmn fibre-length and fibre-hngth distribution of Dharwar I {1928-29) coUm, when 
tested cd siz-moniMy periods for three and a half years. 


Tested in 


Mean group -lengtli 
in eighths of SB 
inch 


Sept March Bent. 

ifkii 1932 um 


Mean fibre-length 
(inch) (Balls Sor- 
ter). 

Mean fibre-length 
(inch) (Baer Sor- 
ter). 

Moan of Balls and 
Baer tests. 


From the data recorded in the above table it will be noted that the Ball 
bo^r readings show slight variation, the highest value obtained being in September 
1929 and the lowest in March 1932. The pereentase differeneo r,b.. In'^b^Bt 


I March Sept. 

March i 

{ 1930 1930 

1931 ; 
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■Value and the lo-west, ho-wever, is only 2 5 and this cannot be considered as sigia- 
ficant. The Baer Sorter results sho-w less variation, the highest being 0-900 in 
September 1930 and the lowest in September 1932, the percentage difference being 
only 1-9 which again is non-significant. It may be stated that due to errors of 
sampling, preparation of slivers and some inherent defects in the instruments 
themselves, a difference in fibre-length up to 0'04 in. may easily be obtained. 
These differences cannot therefore be attributed to the effect of storage. The 
fibre-lengths on the different dates have been graphically represented in Mg. 2 
along with other fibre-properties mentioned m this paper. It will be observed 
that practically no variation in fibre-length oeours throughout the period of storage. 
In Fig. 1, the fibre-length distribution is graphically represented. 

From the data of Table I, the median and mode were also calculated and the 
values are given in Table II. 

Table II 


Median and mode of fibre-length of Dharwar I (1928-29) cotton, when tested at 

different periods 


Test 

Mean 

Median 

Mode 


1 

Inch ! 

1 

i 

Inch i 

Inch 

September 1929 . . 

0>910 

0* 923 

0*949 

March 1930 . • - 

, ■ 

0-905 

0*904 

0*903 

^ 1 

September 1930 • • • • 

0*900 

0*919 

1 0*959 

March 1931 . • • • « * 

0*900 

0*919 

0*933 

September 1931 . • * • • 

0*904 

0*919 

; 0* 949 

1 

March 1932 . 

0*887 

0*895 

i 0-911 

September 1932 

0*895 

0*908 

0- 934 


It will be noted from Table I, that the mode is m the group-lengths 8/8ths of 
an inch in four out of the seven cases and the rest in 7/8 ths groups. It will be 
further observed from Table II that the values for mean, median and mode are 
slightly higher in September than in March, possibly due to the effects of humidity 
and temperature. The former month is characterised at Dharwar by high humi- 
dity and low temperature and this is reversed in the month of March. 
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Fiire-kngth irregularity 

From the Balls-Sortar results for fibre-lengtii distribution, the fi}>re-]oixgtIi 
irregularity percentage was calculated using tbe equation given by Ahmad [1933, 4], 

^ 

Mode— Mean = 3 (Median--^Mean)# 

100x5 

w 

where 8 is the weight of fibres shorter than three-fourths of the inodo, W the 
weight of representative sample and I is the fibre-length irregularity. The results 
are given in Table III. 

Table III 

Values of fibre4ength irregularity of Dharwar 1 (1928-29) cotton, obtained during' 

different periods 


Tested in 



Sept. 

1929 

March 

1930 

Sept. 

1930 

March 

1931 

i, '■ 

■" Sept, 
1931 

Wlarcli 

1932 

S'cpt. 

' ■ i932' ■' 

Fibre-length irregula- 
rity in per cent 

13*9 

12' 3 

15-9 

14*3 

■ 17*1! 

12*7 ^ 

\ 13*2 


It will be noted from the data recorded in Table III, that the values have 
neither increased nor decreased continuously as a result of storage and that the 
September values are, as before, higher than those of March* 

Table IV gives the values of mean fibre-weight per inch for the various 
tests. 

Table IV 


Mean fibre-weight values of Dharwar I (1928-29) cotton 


Tested in 



■V,. 

Sept. 

1929 

March 

1930 

Sept. 

1930 

March 

1931 

Sopt. 

1931 

March 

1932 

j Sept. 

1 1932 


Mean fibre-weight per 
' inch (X10-* OZ3.) 

1 O-19'l 


' 0*200 ' 

■ 0- 189 

0- 188 1 

0-185 

I 0-180 
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It will be seen, from the results given above, that the fibre-weight per inch 
shows some variation. The fibre-weight decreases year by year, probably due 
to storage. The difference between the highest value obtained for September 
1930 and the lowest value obtained for September 1932 is about 10* per cent, 
It has to be emphasized that the diffrrence between successive values is not signi- 
ficant and some of the differences may have been also due to sampling errors. The 
change of fibre-weight values with date has been graphically represented in 
Fig, k 


Fibre-strenffth 

Table V gives the values of the fibre -strength and fibre -strength per unit 
fibre-weight per inch of Dharwar I (1928-29) cotton when tested from time to 
time. ' . 


Table V 


Tested in 


From the results given in Table V, it appears that there is no change in fibre- 
strength as the period of storage is increased ; the small difference between the 
highest '^alue and the lowest is within the sampling errors. The fibre-strength 
per unit fibre- weight per inch is also practically constant excepting for September 
1930 which is due to low fibre-strength recorded for that month. 

Table VI gives the values of the frequency distribution for strength tests. 



Sept. 

1929 

March 

1930 

Sept. 

1930 

March 

1931 

Sept. 

1931 

March 

1932 

Sept. 

1932 

Mean fibre-strength 
(ozs.). 

0*158 

0- 166 

0*138 

0*168 

0- 150 

0*153 

0- 167 

Fibre -strength 
Fibre-weight 

0*83 


0*69 

j 0* 84 

0-80 

0*83 

0-87 
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Table VI 


Varkilion in ike freqmmy MstHhiMon of fibre-strength tests of Dho nmr / {192^-2^^] 
cMton, tested at different periods 


Teqiieiicy 


Bfeaii' fibre-sfcrengtii 


Mean fibre-strength 
(grms.) 

Kelative humidity 
per cent 

Mean fibre-strength 
at 70 per cent re- 
lative humidity 
(grms.) 

Mean fibre-strength 
at 70 per cent re- 
lative humidity 
(ozs.) 

K umber of fibres 
tested. 


Scj)*. 

^ 1929 

March 

1930 

Sept. 

1930 

March 

1931 

Sept. 

1931 

March 

1932 

! ■ '■■ , 

1 Sept. 

1 1932 

2': 

3 

13 

5 

6 

7 

10 „ 

6 

9 

29 

20 

28 

■ , 30, 

32 

■ ■21 

■ 24,':. 

37 

31 

■■46 

'41 , 

24 ^ 

■ :■ 30 

! 

35 

66 

'45 ■ 

. 48 , 

■ 60 

.27 

; ,25 ; ■' 

■ ■ 28 '. 

58 

51 

48 

72 

51 

i ■ ■ 30 ■ ■ ■ 

34 

53 

i ' 44 ■ 

39 

' ' 50 ■ 

48 

■: n' ■ 

20 

30 

. ^ 26 

38 ' 

1 '26 ■ 

1 


14 

10 

11 

j ' 15 

20 

1',', 11, 

'S3 ■ 

6 

, 2 ■ 

5 

I;. ■ ' 10 ; ■ 

12 

:'6 

■■■ 15' : 

'■ 3 ■ , 

. 


3 

7 

■ ' I ■ 

10' . 

1 



1 

1 


2 




1 ' 

1 




fibke-propeeties of dharwae cotton 


61 


The results of the tests conducted for a period of threa and a half 

that there is practically no change in any of the 

results applv to Dharwar I type of cotton and the present sample jas steed in 
exceptiomliy favourable conditions which have very little 

narfconditions of storage of bales in godowns and therefore the results of these 
;oSlu:;:ns cannot be hefd as being valid for bales stor^ 

As the more common fibre-properties of this 

change it is permissible to make fibre tests on stored samples of this cotton, bu 
to ^lpha,izea «.at the* should be hept “ 

ponible tor moistaro Induces n»ny mlcro-orgomsms such as and bact^ 

to »tei 1 ibres, in which case stored cotton may suffer much temag. The 
er^stage on cotton by the atoaek of fungn. ««d -a*™ ^ 

present. , = . 

Summary 

The experimente Z 

storage m laboratory, where .™nle (2 Ih ) of Dharwar I (1928-29) 

and elimato are elimmaied. A sn^ »mpk (2 Ih.) ^ ^ 

cotton was stored in a cupboard in arc I , r h 1. month'’ commencing from 

?T’r’’iT^“?i“f:Sd“‘rrn:‘t4sah‘ 

t^°”blprop:rtie., -length weight 

cotton, howerer, was observed to chmige slightly^ ^c p « 
can he drawn from these shpcnments is that fr 

l^trrsctoto Ito!^pSi« provided’due «we ha. been taheu in storing 
the sample. 
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VARIATION IN THE FIBRE-PROPERTIES OF SIMILAR 
STRAINS OF COTTON GROWN IN DIFFERENT 
TRACTS OF GUJARAT 

BY 

B. S. PATEL. LA.S., 

Offg. Director of AgricuUure, Bombay ^ 

AND 

SRINAGABHUSHAlSrA, B.So., 

Technological Assistant, Gujarat, Surat 
(Received for publication on 23rd October 1935) 

(With one text-figure) 

I, Inteodxtotion 

The Gujarat cotton belt comprises three distinct tracts, Broach, Surat and 
Viramgam, each place being the nucleus of a tract. Each tract produces a typical 
variety of cotton. As we proceed northwards from Surat the quality falls off. 
An examination of the maturity of Goghari Eg during 1931-32 showed significant 
difference between Broach and Surat. Similarly 1027 A. L. F. differed between 
Surat and Viramgam. This diversity of results for a pure type naturally gave 
rise to the question, whether any general rule can be found whereby it will be 
possible to predict how a type is likely to behave when transferred from one tract 
to another, under normal conditions. This question is also important in hybri- 
disation work, since a good typo evolved in one tract may be taken up for crossiug 
in another tract. A knowledge of the probable behaviour of any variety in 
different tracts is thus desirable. 

II. Material 

With this object in view lists of all the types giown on the three farms during 
1931-32 were obtcuied and the following types which weie the only common ones, 
chosen for the present investigation : — (1) 1027 A. L. F., (2) Broach Deshi 8, 
(3) Wagad 8x1027 A. L. F.— segregates 11-2, (4) 11-4 and (5) 12-1. These 

represent to a great degree the three tracts — 1027 the standard for Surat, B. I).-8 
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specially, selected at Broach, and W. 8X1027 specially hyliridisod for tlie Viram- 
gam tract For this: purpose representative'*^ samples of 4-5 ozs. of eaoli of these 



types, from the general lotj 'Were obtained from the resfiective cotton breeders 


III. Methods 


Tests on each sample were made to ascertain the fibre-length, fibre- weight 
per inch, and the maturity percentage. Length is the average of two Balls-Sorter 
tests. Fibre weight is an average of about 2,000 whole fibres counted and weighed 
in bunches of 100 by the method described by Ahmad [1933,1]. The maturity 
percentage is determined by a slight modification of‘ the Oegg [1932] method ; 
while Clegg takes fibres from different sections of a Baer-Sorter pattern according 
to their length, here a bunch of fibres having approximately 250 fibres is drawn 
from the sliver and irrigated with eighteen per cent caustic soda solution after 
placing them between a micro-slide and a cover glass. A minimum of 500 fibres arc 
tested for each sample. The rest of the experiment is Fimilar to C'cgg’s, 


IV. Discussion oe besults 


Table I below gives the average values of fibre-length in inches for all the 
samples tested. The percentage differences in length between the several tracts 
are also given. 

. Table I 


Mean length and percentage dijferences in mean length in inches 


Cotton 


Broach I Vlrani- 
1 gam 


S~~B S— BlOO V—B y—BlOO; V-~S V— BlOO 


A representative sample was obtained thus - The available lint was divided 
into eight equal parts. Portions from every part were taken in turn and mixed with 
every other part ; the process being repeated a dozen times so that lint from each of 
the original parts was well distributed in a random manner in every other part. From 
all these thoroughly mixed parts small tufts were taken from different sides of each 
part and mixed together to form this sample. 
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We find tlierefrom that between Surat and Broach the mean length vanes 
from 1 ' 1 to 4 * 3 per cent for four cottons and 8 • 1 per cent for one cotton. Between 
Surat and Viramgam the variation is nil in three cases and 1-1 and 6*9 in two 
cases. Between Broach and Viramgam the variation is only 1*1 to 2*3 per cent 
for four cases and 8 per cent in one case. Further the diiBferences are sometimes 
positive and sometimes negative and are also within experimental errors in most 
of the cases. Three exceptions where the observed differences are outside the 
experimental errors may be noted, viz., B. D.-8 at Surat has greater mean length 
than at Viramgam and even than at Broach, where it was selected ; and 
W*-8xI027, 11-4, which has an average length of 0*87 in. both at Surat and 
Viramgam shows a length of 0*94 in. in Broach. 

We therefore conclude that there is no definite trend of variation in mean 
length (either towards lengthening or shortening) from one tract to another in 
general, though some variation may he expected in particu%r varieties like B, 
D.-8 which becomes shorter as we proceed from Surat through Broach to 
Viramgam. 

2. Distribution of fibre length. 

In Table II the frequency distribution of fibres according to their length is 
given. 


Table n ' 

Shouomg frequency distribution of fibre-length 



INDIAN JOURNAL OP AOTIICULTDKAT; SCIENCE 


.. j 

. 

"'f 

5 

i 

i 

>5 : 





lO 

-rfJ 

oo 


to 

O 

lO 

ID 

00 

cp 



J> 

o 

i—l 

rH 

CD 

00~ 

rH 

cb 

05 

05 

pH 








■ i-H 

CO 

CM 










50 

' o 

CO 


C£ 

ID 

ID 

• rHi 


m- 









ca 





wo 

cb 


lb 

o 

CO 

r-H 






rH 

CO 

05 

rH' 







ID- 

i> 

iO 

o 

xH 

00 

o 

00 

rH 



xfj 



CO 

cb 

ib 

05 

cb 

ot 

bi 

rH 








rH 

C5 

05 

rH 







no 

(M 


05 


lO 

o 

CO 

CO 



> 

6 

i-M 


>b 

lb 

o 


05 

CO 









rH 

CO 

(M 

pH 






• 

1*0 

o 

o 

wo 

05 

lO 

00 

CO 

O 

05 

o 

05 

o 

rH 

r— 1 







r-i 

CO 

05 






r " 


05 


o> 

O 

CD 

CO 

00 


o 



1 w. 


P*4 

CO 


lb 


oc 

05 

CO 

rH 



! ' 





rH 

05 

05 

rH 







rH 

rH 

OQ 

t- 

Tfl 

rH 

lO 

05 




{> 

■ o 



00 

05 

CO 

bi 


cb 









i-H 

CO 

05 









05 

Tr» 

CO 

CO ' ' 

CD ■ 

05 

rH 

o 







rH 

cb 


CO 


05 








rH 

05 

CO 

■ rH 






05 

, o 

(M 

O 

1C 

' I> ' 

GO 

CO 

CO 




: CO 

o 

C4 

00 

CO 

: cb 


cb 


05 : 

! 







■ pH 

CO 

05 






lO 

CD 

rH 

CO 

CO 

CO 

04 

05 

lO , 


> 

6 

»H 

05 

05 

cb 

lb 


05 

rH 







rH 

CO 

05 






o 

O 

OD 

CX5 

05 

00 

O 

05 

iO 


[TI, I 


j^IBBE-PEOPBETIJES <3 f STRAIitS IN DIPPERfeNT TRACTS OP GUJARAT 6? ' 

We notice io Table II that if we take the modal group for any type in the 
three tracts, the Broach sample has the maximum percentage of fibres. Bor 
instance for 1027, 8 is the modal group for all the tracts ; and in this Broach has 
a maximum of 36*1 per cent, Surat 31*2 per cent and Viramgam 32*8 per cent 
of fibres. Except for 11-4, where there is practically no difference among the 
tracts, Surat and Viramgam are similar while Broach has a greater percentage. 
A maximum difference of 10*9 is found in the modal value between Broach and 
Surat for 11-2. 

The frequency curves for these distributions are given in Fig. 1. All the 
curves are practically of the same type and there is considerable overlapping of the 
curves for any sample from the three tracts. This is particularly noticeable in the 
case of B, D.-8, 1027, 12-1 and 11-4. In 11-2 the Broach curve stands prominent 
with a sharp peak. Even though the variations in mean length are not significant 
these curves show that the percentage distribution of fibres of different lengths 
is slightly altered from tract to tract. This is well brought out when the figures 
are compared from group to group. 



Fig. 1, Fibre -length tribution. 
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5, Irregularity percenta^ge 

i\om the frequenoy-distributioii table we can calculate the irreguiarity per- 
centage which, as is shown by Ahmad [1933, 2] is a statistical measure giving the 
percentage of fibres less than three-fourths of the modal length. Obviously the 
less the percentage the greater the spinning quality, all else remaining same. 
Table III below gives the percentages for aU the samples. 

Table III 

Irregularity percentage and mean differences 


Between Surat and Viramgam the percentage in any one type differs from 
— ‘3^1 to plus 0*5, a negligible difference, between Surat and Broach it varies 
between 1*3 and 7*6 per cent and between Viramgam and Broach 1*8 to 4-7 
per cent. In the latter two cases even though the differences are not very great 
for all types, it is uni -directional and in two cases more than 7 per cent. An 
error of two per cent may in general be assumed to occur in the determination of 
this property and thus the difference between Viramgam and Surat becomes 
insignificant except for 11-2 and 12-1. From columns 6 and 7 of the above table 
we also find that with the exception of 11-4, all the differences between Broach 
and either Surat or Viramgam are outside the experimental error eff two per cent, 
the Broach samples always having a lower irregularity percentage. Besides, for 
11-2 and 12-1 tjhe differences between Surat and Broach are greater than thrice 
this error and are even statistically significant. 

From these facts we may infer that the samples grown in Broach are more 
regular in staple than those grown either at Viramgam or Surat, except for 11-4 
which shows a very small difference ; while there is no difference in this respect 
between Surat and Viramgam except for 11-2 and 12-L 


Ho. 

1 

Sample 

i 

2 

Burnt 

S 

3 

Broach 

B 

4 

Viram- 

gam 

V 

5 

S-B 

V_..B 

7 

V— B 

8 

1 

1027 A. L. F. . 

, 

15- 0 

12*1 

14*8 

2*9 

2*7 

-^■0* 2 

■. '2 

B.B.-8 . 

• 

10*7 

7*0 

10*6 

3-1 

2*9 i 

--■0*2 

3 

W.-8X 1027 11-4 

- 

13*3 

12*0 

13*8 

1*3 

1*8 

0*6 

4 

W.-8X 1027 11-2 

• 

16*1 

7*6 

12*0 

,7*6 j 

4*6 

--3*1 

■ 5 " j 

W.-8X 1027 12-1 

• 

15*6 

8*3 

13*0 

7*2 ! 

4*7 

—2*5 
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4. Fibre-weight per inch 

This in general is a quantitative measure of the fineness of a- sample. 
IV below gives the results of fibre-weight per inch for all the samples in 1 

Table IV 


Fibre-weight per inch and percentage mean differencCfS 


The fibre-weight for any one sample varies from 0*01 to 0*32 units between 
Surat and Broach, from 0*36 to 0*50 between Viramgam and Broach and from 
0-13 to 0*49 between Surat and Viramgam. Expressed as percentages, Broach 
samples are finer than either Surat or Viramgam by 0*6 to 17*^ per cent and 18*0 
to 24* 2 per cent, respectively. The Surat samples are finer than Viramgam ones by 
6*6 to 23*7 per cent. Since the maximum error in the fibre-weight determination 
would be about six per cent, most of these differences are statistically significant 
It therefore appears that in general these types have a graded variation from tract 
to tract ; though the amount of this variation is different for different types, each 
reacting differentially to the internal and extenial environmental factors of soil 
and atmosphere respectively, depending upon their inherent capacities. The 
effect of tT*act is most pronounced for coarseness in case of 1027 as between 
Viramgam, and Broach or Surat, while it is practically nil as between Surat and 
Broach. Between Broach and Viramgam the differences are particularly high 
and roughly uniform for all cottons, varjdng in percentage from 18*0 to 24*2. 
11-2 and 11-4 have a markedly higher fibre weight in Surat than in Broach. 

Judging the results as a whole we conclude that the types are coarsest in 
Viramgam and finest in Broach, Su at being assigned an intermediate position. 

(5, Fibre-maturity 

As has been pointed out earlier the genesis of the present investigation lies 
in tne obseived differences in this property. Table V below gives the maturity 
results for all the samples. The first number gives the percentage of mature hairs 
and the second one percentage of dead hairs. The difference between the sum of 
these two and 100 giving the percentage of half-ripe fibres. 




No., 

Sairiple 

Surat 

Broach 

Viram- 

S— B 

S— 100 

V— B 

v—Bmo 

1 V—S , V- 

-S 100 



S 

B 

gam 


S ” 1 


V 1 

: V 

1 

1 

i 1027A.L.F. . 

' ■ 1*58 

1*57 

2-07 

0*01 

0*6 

0*50 

24*2 

0*49 

23*7 

2 

B. D.-8 . 

1*71 

i 1*66 

1*92 

0*15 

8*8 

0*36 

18*8 

0*21 

10*9 

3 

W.-8X1027 11-4 , ' 

1*84 

|- 1*52 

1*97 

0*32 

, 17*4 

0*45 

22*8 

0*13 

6*6 

4 

W.-8X1027 11-2 . 

1*86 

! 1*64 

2*00 

0*22 ' 

11*8 

0*36 

18*0 ! 

0*14 

7*0 

5 

! W.-8X1027 12-1 . 

1*49 

1*43 

i 

1*80 

0*06 

4*0 

0*37 

20*6 

0*31 

17*2 
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Table V 


Film-maiuiity percentage and mean difference^ 


No. 

Sample 

i 

Surat 

S 

i 

i Broach 

1 

B 

i Vi ram - 
ficam 

: s— B 

I V— B 

[ 'V— s ; 

1 

1027 A, L. F. . . 1 

75-^8 ; ! 

56—9 

80—6 

19— f i 

1 24—3" 

5— 2".' 

2 

B. D.-8 . 

86—3 

70—6 

90—1 

16—3 

1 20—5^ 

: 4—2' 


W.-8X 1027 11-4 

58—7 ^ 

57—11 

76—4 ' ; 

1—4'““' 

; 19— f 

i 

4 

W.-8xi027 11-2 

76—5, ; 

03—8 

79—4 ‘ 

! 13-3 

'16—4 

3— i ■■ 

5 

VV.-SX 1027 12-1 

65—9 ; 

61—6 

73—5 

1 .4— -3 i 

! 

12— l' 

8—4 


1 = minus 1. 


Consideiing first the percentage of dead liairs we note that thejliffereiices 
, between any two tracts or samples themselves are very small and we may hence 
conclude that there is no variation in this respect. Considering the percentage of 
mature hairs, we find that in every type there is a gradation from tract to tract. 
Compared with Suiat, Broach has a lower percentage varying from one to nine- 
teen and Viramgam a higher percentage ranging from three to eighteen ; and 
Viramgam has twelve to twenty-four per cent more mature hairs than Broach. 
In this test a difference of eight per cent and more in any one class of hairs 
is considered significant. Applying this criterion W'-e find that as between 
Viiamgam and Surat the maturity difference is significant for only 11-4., It is 
significant for three samjies 1027, B. D.-8 and 11-2 as between Broach and 
Surat, while it is significant for all cottons as between Broach and Viramgam. 
Thus the difference in the degree of hair- maturity varies from tract to tract as 
between cotton and cotton. 

These differences, which are significant, lead us to conclude that the Broach 
samples are the least mature, Viiamgam samples containing the highest per- 
centage of mature hairs, while the Surat samples occupy intermediate positions. 
The differences which are not significant are however also in the same direction as 
the significant ones. This variation which is uni-directional goes hand in Iiand 
with the fibre-weight results noted earlier. The tract with a maximum fibre-weight 
has a maximum maturity and the finest variety tract the lowest matuiity, and the 
third one intermediate in both cases. It must be noted however that these aie 
relative differences among these three tracts only. 
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One more point emerges from the correlation of these two results.^ The 
facts that the finest (Broach) is least mature and, 

gam) most mature taken in conjunction with each other, indicate that relatively 
the fibres will he found weakest in Broach and strongest in Viramgam. ^ 
These results obtained for uhree different types indicate that we may possibly 
expect similar results to hold good for another type when transferred ^om one 
traht to another provided the season is a normal one, because tract W 

soil, and {%%) external environment. Soil is generally same in a tract and thus the 

chaises L truly reflected provided there is no abnormality m the external condi- 

tions^confined to only one tract. Given a normal season, when no particular 
tract was singled • out for abnormal atmospheric conditions, the five samples 

tested save results leading to the following conclusions. 


V. CoNoi^nsioNS 

There is no significant variation in mean fibre-length of most of the types 
discussed above, when grown on the different farms of Broach, Surat and Viram- 
vam However, B. D.-8 tends towards decreasing mean length as we proceed 
from Surat through Broach to Vhamgam, and strain 11-4 tends to he longer in 

Broach than either at Surat or Vhamgam. ^ ^ ^ 

The irregularity percentage is least for Broach and similar as between Surat 

and Viramgam except for 11-2 and 12-1. ■ ■ • 

The fibre-weight per inch and hence the coarseness of ^mples is ^^t in 
Broach, highest in Viramgam and intermediate in Surat, all the observed ^ffer- 
enrting beyond experimental errors except for 1027 and strain 2-1 as between 
Surat and Broach which however are in the same direction as the other differences. 

Similarly the maturity percentage is maximum in Viramgam and minimum 
in Broach, Surat being intei mediate. The differences are sigmfic^nt or a 
cottons as between Viramgam and Broach, for three as Broach and 

Smat and for one as between Viramgam and Surat. The other differences are in 

tlae same direction as the significant ones. 

The hieh meturity end high Bhie-weight per inch in Vitamgem and the low 
matorit, aM low fibre-weight per ineh in B.mei taken in »„p.not,on mth .a* 
other ripi«livel, indicate a probable lelaUve wealmes. m Broad, eamplee a, 
compaied with similar ones of Viramgam. 
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Gifrus plants in India suffer from a number of serious diseases, causing consi- 
florabie losses, and very little has so far been done to study them with a view to 
i oiling them. Lately, however, in several parts of India, the study of Gitrus 
diseases has been undertaken. The important Gitrus -growing provinces in India. 
are Central Provinces, Assam, Punjab and Bombay. In Central Provinces, 
Bombay Presidency and in Assam mostly the loose-skinned mandarin group of 
orange, s are grown, whereas in the Punjab, the close-skinned WMlto, oranges form 
the most important Gitius fruits. , Recently great strides have been made in 
Cjiras growing in India. This has been mainly due, thanks to the Imperial 
Councd of Agricultural Research, India, to better marketing facilities and horti- 
cultural experiments for introducing better varieties. The climatic conditions 
in ali these provinces differ very much and so do the fruits. Lime [Gilma 
aurantijolia) is grown practLally all over India a.nd canker is almost universally 
associated with it, and is one of the most prevalent Gitrus diseases. True scab, 
however, is very rare, but it has been definitely noticed in the Punjab and iri 
Saharanpur Gardens and also in the South in the Madras Presidency. Anthrac- 
nose (wither -tip)^ due to G. gloeosporioides is found practically all over Trulm but 
only in the Punjab it has become one of the most serious diseases of the Gitrua 
plants. Die-back of orange plants in the Bombay Presidency associated with 
Diphdia sp. has been more often referred to as due to bad aeration, and is claimed 
to have been contr olled [Sahasrabuddhe, 1927 ; Cheema and Bhatt, 1929] by proper 
aeration of the soil. A gummosis due to Phytophthora pcHmivora Butl. and a root- 
rot due to Bosellinia sp. have also been reported from Bcanbay Presidency besides 
anthiacnose {G. gloeoaporioides). Similarly from South India anthracnose and 
pink disease {Gorticium salmonicolor B. et Br.) have been reported. The sooty 
mould is very common in many parts and generally foUows in the wake of scale- 
insects. It may lower the vigour of the tree by completely and heavily encrusting 
all the leaves of the trees. In very bad cases, fruit-fall may be caused. 

In the Punjab, almost all the varieties of Gitrva fruits are to be found but it 
is only the loose-skinned santara and the close-skinned rmUa oranges that ai’e 
cultivated on a commercial scale. The lime {nimiu), citron (galgal), pomelo 
{chakotra), etc., are also being cultivated more and more. The sour orange 
{JcJiaita), and the rough lemon {khaUt) aye extensively grown as hedge plants 
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throughout the Punjab. The rest are not grown on a commercial scale but are 
often found scattered individually in private gardens. 

Tliroughout this country there is great confusion about the identity and das-si- 
fioation of the Gifrus varieties. Different botanists have foinvulatod ilificient 
classifications, establishing the species and varieties on not very reliable and 
stable characters with the result that the oalssifieation of Citnis plants is in a state 
of hopeless confusion. This confusion has become worse owing to the readiness 
with which several species hybridise and also perhaps, as Bonavia [1888] says, 
owing to changes brought about in a new environment when planus arc first intro- 
duced. Brandis [1874], Bonavia [1888], Lushington [1910], Swingle [1914], Coit 
[1915], Fawcett and Rendle [1920], Davis [1924], Parker [1924], Hume [1920], 
Tanaka [1927, 1930] and others have given different ( lassifi(>ations and desct ijitions 
with the result that the selection of the coiTCct botanical name is extremely difft- 
errlt. Recently Cheema and Bhatt [1934] have stirdied the GUrm varieties of tlie 
Bombay Presidency and have recommended Swingle’s dassification [1014] for 
adoption. The confusion that at present prevails may be seen from the followiug 
different botanical names that have been applied by different botanists to the loose- 
skinned awntam orange, w., Oifrws nohilis Lour ; G. nobilis (Lour.) var. (Miciosa 
Swing. ; G. deViciosallmme ; G. poonmsis Tanaka ; and 0. auranfhm sinmse Rumph. 

In this paper the vernacular names as used in the Punjab, have been used 
throughout, for the work was undertaken with a view to help the Gitrus growers 
of the Punjab and the references to the plants must be easily understood by tliem. 

Advantage was taken of Professor Tanaka’s recent visit to Lahore. The 
author had all the.local varieties examined and named by him and the following 
list shows the vernacular names, with their botanical and nearest English equiva- 
lents, referred to in this paper. He is greatly indebted to Prof. Tanaka for this. 


Vernacular name 

Botanical name 

Nearest English 
equivalent 

Malta . 

Citrus sinensis ..... 
Note. — Introduced from Europe into 
Gujranwala by Col. Clark, 1852-50. 
The Oujranwala blood -rod oranges are 
still famous througliout the province. 

Sweeti orange 

Santam 

Citrus pomensis ..... 

Mandarin typo 

Mitha . 

Citrus limetia .... 

Sweet lime 

KIwMi (QambhiH) . 

j Citrus jmMhiri . • , • 

Rough lemon 

KhaUa . 

! Citrm auruntium . . 

Sour orange 

ChaJcotm 

Citncs grandis . 

Shaddock or Pomelo 

Grape fruit. 

Citrus paradisi , . . . . 

Grape fruit 

Galgal (big) . 

Citrus metUca . . . . . 

Coarst> ’ citron 

Qalgal (?mall) 

Citrus Umon : 

Lemon typ(^ 

Nimbu (lemon) 

Citrus Umon . . . . 

Lemon 

Nijnhu (Kagii) 

Citrus au'rantifoUa .... 

Lime 



II. WithcfH:ip disease 


(A) Antheaonose (withbe-tip) catjsed bt Colzetotbicrum bloeospobioidbs 

Penz. 


(a) Review 

This disease is found throughout the province and can be seen on most of 
the Citrus species, though it is more common on sanfara and malia (Plate XVI, 
fiffs. 1, 2). The diseased tips become dead and assume a silvery grey appearance 
on which minute dark acervuli of GollefofricJium soon appear. The healthy 
portion becomes sharply demarcated from the diseased portion (Plates XV). 
The disease, however, is not equally severe in all parts of the province and has 
been noticed in the following places, viz., Peshawar, Wah, Rawalpindi, Jammu, 
Udhampur, Pathankot, Nurpm, Kangra, Baijnath, Jullundur, Hoshiarpur, 
Saharanpur, Delhi, Patiala, Lahore, Amiitsar, Gujranwala, Daska, Ranbirsingh- 
pura, Udera, Mangtanwala, Sheikhupma, Sarakpura, Bahawalpur, Renala, Multan 
and behra Gazi Khan (Fig. 1.) It has been noticed that generally along the 
low hills and places within a hundred miles from the foot of the hills the most 
badly affected orchards are found. But it has been felt all the same that the 
prevalence of the disease in an epidemic form is due more to ignorance and 
neglect than to anything else. For instance, in the Gujranwala-Daska area which 
is a big Citrus-gvGwmg centre with a large number of old and new plantations, 
the wither-tip disease prevails in a rather severe form throughout. In many 
of the old gardens dying or dead plants are left in the field which act as a per- 
petual source of infection to the other healthy plants. In the newer orchards, 
two or three years old, most of the plants were found to be already affected. This 
was primarily due to' the fact that the growers not having any idea about the 
disease started with diseased stocks, and, in two or three years’ time when they 
would expect the vield, perhaps many of the orchards would have to be cut down 
altogether after about five years of ignorant care and attention and a loss of 
good deal of money and energy. This will no doubt be a great set-back to the 
growing industry. It is difficult to find nurseries in the Punjab free from wither- 
tip and canker diseases. Chaudhuti and Singh [1930] found the anthracnose 
organism (C. gloeosporioides Penz.) in many parts of India, but nowhere it occurred- , 
in srroh epidemic form as in the Punjab. Though it has often been looked upon 
as causing a secondary mfeotion, there is no doubt that in many parts of the 
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; \ ^ world it oociirs as a serious parasite of Gitrm plants aiid causes grt3a,t loss, itolfs 

I , '• [1904], Essig [1911], Barrett [1915] 'and others, and in recent years Bus ger [ifl2:i], 

‘/| .‘f Peyronel [1926], Reiohert^ [1928], Muller [1933] -and otheis have found it paru- 

h*! sitio on different Citrus Bpooies, Petri [1926] proved its pan».sitio nature on 



lemon by means of inoculation experiments. He also [1927] considered it to be 
the cause of mal secco—s, very sericus. disease oi. Gitrm in Italy. Later however 
[1928, 1929], he doubted its being the ouase and found [1926 ; 1930, 1 ; 1930, 2 ; 1 931 ] 
mal secco to be due to a new fungus which he named DeMteroplmna- fracJmphikL 
The. two fungi are very often associated, and Petri [1930, 2] lias coinfiryed the 
characteristics of the two. Savastano and Eaweott [1930] and others have 
recently confirmed Petri’s diagnosis regarding mal secco. 
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Fig* 1. Map of the Punjab showing places where wither-tip of the Gitrm has been noticed 

Another similar anthiacnose-producing organism, Oloeos 2 >oritm liweiHcolmn 
Claus, frequently causes serious damage to limes in Florida, Cuba and West 
Indian Islands, and it has been found by Fulton [1925] and others that in those 
countries C. gheosporimies Penz. only attacks later on when the plants have 
been weakened by the attack of Gloeosporiv/m. A serious viither-tip disease of 
limes from Dominica, due to (?. limMcolvm and causing very similar symptoms 
to C. gloeosporioides wither-tip, has been described by Steli [1924], Wiltshire 
[1925] and Ashby [1925]. It threatens to destroy the crop in some partis of the 
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island. The lime wither-tip was first described by Watts [1923] as being due 
to G, gloeosporioides. In fact the two organisms are very much alike. In C7. 
gloeosporioides Vem. the pustules are frequently devoid of setae and in that condi- 
tion it is difficult to distinguish it from G, Umetticolum Claus. Petri [1927] also 
found that the setae are not regularly produced in the acervuli and often are 
completely absent. G. gloeosporioides is very vaiiable [Burger, 1921] and several 
strains which differ in their virulence have been found. Chaudhuii and Singh 
[1930] and Muller [1933] isolated distinct forms from different Gitrus species. 

Though the fungus is quite commonly found on dead twigs of Gitrus, which 
may have been killed by other organisms or by any other cause, there is no doubt, 
however, about its power of causing disease unaided, as has been proved by a 
large number of inoculation experiments. It has been very frequently observed, 
as mentioned by Fawcett [1915], that some of the severest injuries in connection 
with this disease may be due to the combined effect of anthracnose fungus and 
other fungi, such as Diplodia, Phomopsis, etc. Also trees previously weakened 
by unfavourable soil conditions, such as continued lew tempeiature, excessive 
fiosts, etc., become more susceptible to this disease. In 1929 great loss occurred 
when, for three successive days during January, Lahore expeiienced a cold wave 
and had 15 to 20^^ of frosts everyday. The Gitrus plants were chilled and weakened 
and shortly afterwards mosr of the plants in the nurseries near-about were attacked 
and killed by the wither-tip organisms. It has also been noticed that injuries 
produced by a severe hail-storm made the entry of the wither-tip organisms 
easy. In Plate XIX, fig. 1 a twig which had been injured byhail-stoim and 
later became infected with (7. gloeosporioides Penz. is depicted. Barrett [1922] 
reported anthracnose on fruits when injur ed by hail-stones. 

The wither-tip of Gitrus, though a minor disease in other parts of India, 
has become a major one in the Punjab. There is nothing to be wondered at in 
this. For it is a well-known fact that the differences in climate and other 
conditions between two countries or even two localities in the same country, 
may be so great as to make diseases that are major in one place, minor or of no 
economic importance in the other. Major diseases of one variety may be minor 
in another ’’ [Fawcett and Lee, 1926]. Even in the Punjab it has been noticed 
that the virulence of the disease differs in different parts of the province, wldch 
however may be due to having several strains of G. gloeosporioides, some being 
more vigorous than the others. 


In Plate XV twigs of Gitrus affected by wither-tip due to Colhtotrichum 
gloeosporioides are shown. The sharp demarcation of the diseased portion from 
the healthy part and their silvery -grey appearance are very charaoteiistio. The 
acervuli of the fungus may be seen as black dots scattered thi'oughout the de^d 
part of the twig (Plate XV). In moist weather these may be seen bursting when 
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pinkMi ma>a?es of spores are seen oozing out. The setae liiay he seen ffequ<»nt;i\' 
around these bodies. These may be eithei (jontiimous or s(‘.piate. Tn the 
anthracnose spots of the leaves, tlie acervihi are found on the upfor suifiu'O and 
are half submerged in the tissue of the leaf (Plata Xi'X, fig. 2). 


(c) Morphology 

Acervuli and spores , — The diameter of the aeorvuli ranges from (10 to 270p,. 
The size of the spores varies a good deal and even in the sanm a(*ei vulus a h^t of 
variation in spore sizes is seen. On measuring one hundred spores nt landom 
tlie length of the spores has been found to vaiy between 11-2 and 21 -Up, and the 
width between 2*4 and 7 ’Op. The mean values of length and breadrh of spires 
from a malta twig weie found to he 13*2 and 5 -5 p, rc^speetively. 

Spores are somewhat greenish when young and jire full of pri>to/)lasnuc 
granules and oil globules. Later ttiey become >soniewbar liyalim^ Wlani mature, 
spores ooze out in mass from the acervuli ; they appear pinkish in colour. Tlioy 
have usually one nucleus but frequently two niK'lei have <dso been noted. Spores 
germinate readily. In hanging drops germimdion was observeii in four hours. 
Germ-tubes are usually foimed from one end though sometimes they may bo 
formed from both, the ends and the hyphae produced may he seen forming conidia 
in four to five days’ time (Plate XII, c, d, The apex of tlie conidiophore 
becomes swollen, into which protoplasmic granules, etc., pass and become 
cut off from the rest of the conidiophore, thus forming a conidium. When it is 
abstricted, another conidium will be formed in the same wa-y. Hometimes w’hcn 
a numbe^r of spores aie put in a hanging drop, it is cominon to find the spores 
become septate at the time of geimination hy the formation of a partition wall. 


(d) Growth in culture 


Single spore cultures weie taken in this study. It grows well on several 
media such as potato glucose and potato extract media, pea, bean, prune, gram, 
wheat and barley agar and also on Coons’, Olanssen’s, Barnes’, Paulin’s, Cza]>ek’s 
and Richards’ media. In. the preparation of the first series of media, oxi-cpting 
in potato glucose, five grms. of materials were taken for every 100 o.c, of wato! 
and two per cent of agar was added. For piime agar, more aga.i was added if 
necessary. Potato glucose agar and the different synthetic media were picpured 
in the usual wa 3 ^ Petri dishes of uniform size (90 mm.) wore used and 20(ao. 
of the media x^oured to have a uniform thickness. In Table I, tlio growth 
characteis and the total spread of the fungus isolated from a diseased malta 
twig have been shown in some of the above media. 
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Table I 


Growth character and spread of C. glooosporioides in different media at room 

temperature 


Media 

Growth character at room temperature 
(about 26®) 

Spread in 
six days 
(diameter 
in mm.) 

Pea agar . 

Cottony hyphae, not very luxuriant, acervuli 
produced in ring which soon burst oozing out 
pink mass of spores. ISTo blackening of 
reverse surface. 

54 , ' 

Bean agar 

Woolly hyphae, aerial hyphae erect. Pinkish 
spore masses appear early only near the 
centre, reverse side not blackened. 

45 

Potato glucose agar . 

White Huffy growth, reverse darkened, acervuli 
appear late, formed near centre. 

. 45 

Prune agar 

Profuse aerial growth, white at first, later some- 
what greyish and finally almost black. 
Manjr big-sized acervuli. Reverse blackened. 

60 

Barley agar 

Hyphae poorly developed, moderate, acervuli 
with setae, usually in rings. Reverse side 
becomes blackned later. 

35 

Maize agar 

Aerial growth poor, acervuli few 

47 

Czapek’s agar . 

Dense wooll^?^ growth, limited number of 
acervuli, reverse side turns black. 

45 

Coons’ agar 

Scanty m^’^celial growth, reverse almost trans- 
parent, limited minute acervuli in a ring. 

45 

Richards’ agar . 

Aerial hyj)hae almost absent, many acervuli . 

62 

Box’ agar 

Dark radiating hyj^hae, reverse almost black, 
a few acervuli in centre. 

55 
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In Plate XVII, figs. 1-4, the growth characters in potato glucose, prune, 
Goons’ and Dox’ media are shown. 

The length and breadth of the spores on different media vui'icd a goixl deal 
and the sniidlest sized spores weie found when cultures weio gi'owu in jilain auiu’. 
The mean values for length and breadth, using 100 siioi es, are gii-eii in ’■J’abic TI. 


Table II. 

Mean values of length and breadth, in p of C. gloeosporioides spores in certain 

media 



^ Bength i 

Bread til ‘ 

Plain age.r . . . ■ . 


3 * 8 ' 

Barley aguv 

12-3 

1 

4*2 

Pea agar , ■ ^ * 

j 

13*5 1 

i 4-5 

i 

Potato aga.r , . , , 

15*2 i 

1 

i 5* 0 

RaiiliiPs agar . 

■ ' 15* 1 

5‘'C) 

RicharclB’ agar 


4*1) 

■■ ■ ■■■ . 



Barnes’ agar , , ■ ... 

18*8 ^ 

4*9 


Since the growth character and the size of the spores were found to depend on 
the media employed, it was decided to grow the fungus on different com entra- 
tions of media and to study the effect of concentration on growth. For thi.s 
two synthetic media, Richards’ and Czapek’s weie selected. Petri dishee were 
inoculated with a spore suspension placed in the centre and these were incidrated 
at 25‘’0. 

It has been found that the greatest spread of the mycelium take.s place at 
normal concentrations of the two media and that it decreases regularly either 
way when the concentrations are increased or decreased. Regaining the length 
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of tH© spores, it has "been found that in both the media it increases from th© lower 
to the higher concentrations. No such regularity was observed legaiding width. 
Though the length of the spores increased in higher concentrations, the number 
of spores found in very high concentrations was fewer and at 4iV_ in Czapek’s 
no spores were found in nine days* time, 

. (e) Strains of G. gloeoB-ponoides 

Chaudhuri and Singh [1930] mentioned the possible existence of strains, 
and referred to three probable strains isolated from diffeient Citrus species 
which showed difference in spore measurements. Though a large number of 
cross-inoculations were done, each stiain succeeded in infecting all the other 
hosts. Beside slight morphological differences, no physiological differentiation 
was found. This work has now further been, extended and four different strains 
from different hosts have been isolated which show decided difference in their 
virulence and growth characters. There are possibly many other strains. The 
detailed descriptions of the four strains isolated have been given later. The 
difference in the size of the spores is not a fundamental criterion in determining 
a strain without considering various other cbaiacteis. As has already been 
shown the spore-size not only varies with difference in the kind of nutrient media 
on which it is grown, but also depends on temperature, and it has been found 
in nature that even on the same host, the size of the spore varies in different 
seasons. The average spore sizes (counts of fifty) in microns from different varie- 
ties in two seasons are given below : — 





September. 

May. 

Musumbi 

• * 

• 

13*7 X 4-1 

14-4 X 3-9 

Excellence » 

. 


14*5 X 4*1 

14-9 X 3-7 

Italian 


« 

14-0 X 4-2 

14-0 X 4-5 

Blood Bed • 

« • 


13-6 X 4-0 

14 6 X 3-9 

J affa 

• 

• 

14-5 X 4-2 

12-9 X 3-8 


The average measurements of spores (counts of fifty) on potato glucose agar 
at room temperature from different plants in the first generation of culture were 
taken and those forms showing difference in spoie-measmements were first grown 
under different physiological conditions for selecting the strains. From these 
only those showing permanent differences were chosen, 

' In Table III, the total amount of spread of hypbae in three different 
media and variation in spore measurements of certain of the above forms 
isolated from malta, santara, khaita, lemon, galgal and mitha have been shown. 
Culture from each has been grown at two different temperatures, viz,, 25^0. and 
SO'^C. and the difference in the total spread and spore size at these two tempeia- 
tures will be seen. 
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Table III 

Effect of different media and temperatures on the spread and spore size of C. gloeo- 
sporioides isolated f rom different host plants 




Maize extract agar 

Potato glucose agar 

€zapek'fi agar 

Host 

Tempera- 
ture r C.) 

Spread in 
inin. 

Sjxire size 
(average o 
60) in a 

Spread in 
mm. 

Spfire size 
(average of 
50) ill p| 

Spri'ad in 

mm. 

Spore size 
(av(‘rage of 
50) in u, 

Malta . . . • ^ 

25° 

«0 

14*3 X 5*2 

55 

12*7 X 4>1 

70 

13*2 X 4*2 

30° 

70 

13-5 X 5-3 

70 

12*1 X 4*1 

70 

14*2 X 4*2™, 

i 

SanUim . . - ^ 

25° 

CO 

11 ‘6 X 4*0 

07 

11 -S X 4*0 

70 

15*5 X 3*9 

30° 

72 

12*5 X 4-0 

SO 

14*0 X 3-7 

72 

14*2 X 4*7 

Khdtta . . • ^ 

25° 

03 

14*8 X 5*0 

60 

13*4 X 4*8 

73 

12*3 X 3*8 

30° 

80 

13*2 X 4*2 

80 

14*5 X 4*4 

74 

11*7 X 3*9 

Lemon . . . 

i 

1 

25° 

CO 

13*3 X 4*6 

04 1 


70 

12*5 X 3*2 

30° 

70 

11*6 X 3*8 

70 

... 

70 

12*2 X 3*7 

Galgal . . » » 

25° 

69 

12*5 X 4*6 

64 

: n-2 X 4*1 

70 

12*3 X'3;4 

1 30° 

75 

12*3 X 6*2 

80 

... 

76 

1 13'*8 X 4*2 

MUha . . . - 1- 

25° 

62 

11*2 x'-3-8 

70 

11*4 X 3*9 

70 


1 30° 

70 

1 10*2 X 4-7 

77 ■ 

.. - V. 

14-0 X 4*7 

77 



From tlie large number of parallel cutures grown and from the study of their 
behaviour under different physiological conditions strains A to L were isolated, 
and of these the following fom.' were found to have distinctive characters, viz.— 


strain A 
Strain B 
Strain D 
Strain F 


V On mntara from Benala Khnrd (culture Mo. 8* 9/7} 

, On malta from Lahore gardens (culture Mo. L 9/24) 

. On malta from Lahore gardens (culture Mo. 1*9/15) 

. On santara from Lahore gardens (culture Mo, 15* 8/19) 


The above strains have been grown on oatmeal, rice agar and Czapek’a 
ftgar, and their growth characters at 26®0. are given in Table IV, 
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Table IV 


Orowth character of four strains of C. gloeosporioides on different media 


Strains 

Oatmeal agar 

Ricemeal agar 

■ Czapeks’ agdr 

Strain A. 
No. 316. 

Mycelial growth poor, 
many acorvuli, almost 
colourless, appear a 
little late. Spread 70 
mm. in 7 days. 

Very scanty colourless 
hyphas at first — later 
blackish — central por- 
tion fluffy; black ra- 
diating hyphae when 
viewed from below. 
Big sized hyphal knots 
seen. Spread 70 mm. 
in 7 days. 

White fluffy growth ; 
bottom— pink to dark 
gradually; central 

dark portion with 
plenty of acervuli. 
Spread 70 mm. in 7 
days. 

Strain B. ' 
No. 345. 

Growth poor but largest 
number of minute 
acervuli formed. 

They appear early 
and develop in con- 
centric rings. Clear : 
from below. Spread 
71 mm. 

Growth whitish with 
dark hyphfc radiating 
in between (saltat- 
ing ?). No acervuli 
in 7 days. Spread 66 
mm. 

V ery white fluffy growth; 
Viewed from be! ow 
appears blackish. 

Acervuli formed late, 
spread 70 mm. 

Strain D. 

No. 347. 

Growth poor but large 
number of acervuli 
formed later. Spread 
71 mm. 

Growth scanty — 

blackish radiating 
hyphfB seen when 
viewed from below ; 
small hyphal knots. 
No acervuli in 7 days, 

1 but formed very late. 
Spread 65 mm. 

White fluffy growth. 
Acervuli appear very 
late. Spread 72 mm* 

Strain F. 
No. 233. 

1 

Cottony hyphjc ; only ■ 
a few acervuli deve- 
loped. Whitish from 

1 below. Spread 72 

mm. 

White cottony growth ; 
no radiating blackish 
hyphx" seen from be- 
low ; only a few scat- 
tered acervuli formed 
very late. Spread 63 
mm. 

Fluffy white radiating ;. 
bottom pinkish to dark 
No acervuli in a week. 
Spread 73 mm. 


From the above it will be seen that though the media determine the character 
of the growth to a great extent, the above four strains retain/ their distinctness 
in all these media, and may be taken as different strains. ^ 


(/) Effect of exposure to low temperature 

Effect of very low temperature on the four different strains was observed. 
Five-day old cultures in oatmeal, rice and Czapek’s agar in duplicate of each 
strain were placed in a refrigerator at 0°C, for a period of one month and twenty 
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days* Them these were transferred to am incubator at 25°0. All these revived. 
The causal organisms are not killed by prolonged exposure to very low 
temperature. ■ . 

{g) HderoilmlUsm in 0. gloeosporioides 

All the cultures A to L have been grown io groups in different Petri dishes 
to see how the tv/o cultures behave when the h 3 "plue of one come in contact wich 
tho hyphiB of another, viz., ivhether they mix together or form a space of aversion 
or a white line of aversion. 

In all these eases monospoie cultures have been tised as stated before, and it 
hrs been noticed tlicat certain cultiiros mix freely wlieu put togetlier, in otliors a 
space of aversion is foriiied between the two, while in soriic3 other crises a whiio lino 
of aversion is formed. . These results shoir definitely lieterothallism in this 
fungus. Though all ooirilniiatioiis have been tried, no fruit-bodies Iiavo been made 
to form yet. Complete fusions were seen between E-0, P-D^ B-I), B-H, J-K, P-C, 
B-H, E-G. 

Space of aversion between B-E, A-G, G-B, E-x4, A-D, K-L, L-I, L-J, C-B, 
A-C, C-D, H-C, C-G, C-H, B-P, D-P, A-G. 

White line of aversion between B-P, A-B, C-E, A-B, A-P, G-P, B-D, 

C-E. 

In Plate XVII, figs. 5, 6 complete fusions, spaces of aversion and white lines of 
aversion between certain strains are shown. 

(h) Method, of penetration 

The method of infection by 0. gloeospo rioides hasbeen studied on malta 
leaves. Spore suspensions were placed on the upper surface of tho loaves. Tho 
spores on germination produce appressoiia-like structures which stick fi^st to the 
surface of the leaves. These appressoria are very regular in shape and size and 
are able to withstand desiocation and should be looked upon as chlarnydospores* 
The eppressorium in Gloeosporium has also been described as a chlamydospore by 
Biraghi [1934]. When the spores germinate, they give out certain products which 
react on the ciitide and the plasma membrane and the cells below get injected 
before actual ponebratiou takes place. The stimulus to germination of the appres- 
soria might be supplied by nutrient substances diffusing out when cells get injected. 
Injection has been produced by placing filtered drops in which spores were germi- 
nating for thirty to forty hours and when later the leaf was flooded with a dilute 
solution of erythrosine, the dye was absorbed by the injected spots only. No 
fine peg-like infection hyph^ as noticed by Dey [1933] have been noticed but 
instead ordinary germ-tube like structures have been seen to penetrate. 

The details regarding the method of penetration have been publislied by the 
author in a separate paper [Cbaudhuri, 1935 ]. 
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Pathogenicity 

Cultures of wither- tip organisms from kJiatta {C. aurantium), malta (0. 
sinensis) md santara {G. poonensis), as well spores from u attire were used 
for iuocoiJation experiments. Id the jSrst series of experiments only cut leaves 
were used. These were washed in 0*01 per oent mercuric chloride solution, and 
after carefully washing in several changes of distilled water, were placed in steri- 
lised Petri dishes containing moist cotton wool. These were now sprayed with 
spore suspension and incubated at 27®C. Table V shows the result of experiment 
after a week’s observation. 

Table V 


Result of inoculation of malta, santara and khatta leaves with C. gloeosporioides 
spores found on those host-plants as well as with spores formed in culture from them 


Fungus strain 

Host 

Ho. of 

leaves 

sprayed 

Ho. 

taking 

infection 

Ho. of 
control 

[ Ho. of j 
control 
infected 

Remarks 

Malta wither-tip 
spores from 

culture 

Malta 

leaves 

6 

6 

2 

nil 

Many acervuli on 
upper surface 
of inoculated 
leaves. 

Do. spores 

naturally formed 

Do. 

6 

' 

. . .. ' S' 

■ ■■ . 

2 

nil 

Several spots 

with acervuli 
on upper sur- 
face of inocu- 
lated leaves. 

Santara wither-tip 
spores from culture 

Santara 

leaves 

6 

6 

2 

nil 

Brownish spots, 
white mycelial 
growth, acer- 
vuli on both 
sides of inocu- 
lated leaves. 

Do. spores 

natm'ally formed 

Do. 

6 

6 

2 

nil 

As above, acer- 
vuli bursting. 

Khatta wither-tip 
spores from cul- 
ture 

Khatta 

leaves 

6 

6 

2 

■ nil . 

Brownish spots 
on inoculated 
leaves but no 
acervuli formed 
yet. 

Do. spores 

naturally formed 

Do. 

6 

6 

2 

nil 

As above 
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Plate XVI, fig. 4 shows innumerable acervnli formed on a malta leaf when 
sprayed with malta withor-tip spore suspension in distilled water. 

. .When the above experiment was performed at 15'^C. instead of at 27 ®C., no change 
' was visible for a week but when the Petri dishes .were removed after that to a 
' higher temperature (27°C.) quick changes were observed. Throe days after 
removal to a higher temperature, positive infection was foiiml on mrdia and 
santara leaves (whether sprayed with naturally formed spores or -with spores formed 
in culture) but no infection w^as found on hhatta leaves. Control ]ca\’cs were all 
healthy. Table VI shows the results of cross-inoculation experiments with <ait 
leaves in a tabulated form. Certain marked spots on the leaves were prickcnl with 
a sterilised lancet needle after the leaves had been w^ashed in O-Ol per cent mercuric 
chloride solution and distilled water. Cultures of S. 235), ‘pomdo (N. S. 

237), santara (N. S. 233) and orange {OUnis aimintmm C. S. 233) vitlnT-ti]! hawe 
been used. The experiments were all done at room temjH.naturo (25® — 3U'dj.). 

.. Table VI 

Result of experiment ushig cut leaves 


Observation after 


Bern arks 


8 days 


12 days 


(a) Inoculated with spores from molta wither aij) {N» S. 2r^S) 


Orange (Assam) 

Spots pale green , 

Spots pale brown 

No acervnli .Ibrnaed. ' No 
infeciioii. 

Khatta 

No change . . 

Spots pale yellow 

Acervnli formed. Posi- 
tive infection. 

Pomelo 

Spots pale brown 

Spots pale brown 

No acervnli. No infec- 
tion. 

Malta 

No change . 

1 Spots yellowish 
brown. 

Acervnli formed, some 
bursting, positive Infjc- 
■ ■' tion. ■ ■ . 

Lemon 

Spots pale brown 

Spots pale brown 

Many acervuli, some 
bursting, positive in- 
fection. 

MitJia 

Spots pale brown 

Spots pale brown . 

A few acervnli formed, 
positive in fection. 

Galgal * 

Spots pale yellow. 

Spots brownish . 

No acervnli, no infection. 
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Observation after 


Host 


— 1 — 

Remarks 


8 days j 

12 days 



(6) Inoculated with spores from pomelo {N. 8. 237) 


Mitlia 

Spots brownish . 

Spots dark brown 

No acer villi formed, no 
infection. 

Malta 

Spots pale brown 

S 2 :)ots deejo brown 

Pinkish spore masses 
coming out of acervuli. 
Positive infection. 

Santara 

Spots pale green . 

S|)ots yellowish . 

i 

Acervuli formed, positive 
infection. 

Galgal 

As above . 

As above . . 

As abo ve 

Khatta 

As above 

As above 

As above 

Lemon 

As above . 

As above . 

As above 

Pomelo 

As above . 

As above . . i 

1 

Innumerable acervuli 

formed, positive infec- 
tion. 


(e) Inoculated with spores from saniara {N. S. 223) 


Santara • 

Spots pale green . 

Spots pale brown 

Innumerable acervuli 

from which pinkish spore 
masses are oozing out, 
positive infection.^ 

Orange (Assam) 

S] 30 ts pale green . 

Spots pale green . 

No acervuli, no infection. 

Pomelo 

Spots pale green . 

Spots dark brown 

Acervuli formed. 

Mitha 

Spots pale green . 

Spots pale brown 

No acervuli formed, no 
infection. 

Galgal 

Spots pale brown 

i Spots dark brown i 

Acervuli oozing out, pink 
spore masses early. Po- 
1 sitive infection. 

Malta 

Spots pale green . 

Spots brownish . 

Many acervuli, junkish 
spore masses oozing out, 
positive infection. 

Khatta 

Spots pale brown 

Spots dark brown 

Acervuli formed, spore 
masses oozing out, posi- 
tive infection. . . . . 
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Host 


Observation 


8 days 


12 days 


Eeinarks 


(d) Inoculated with spores from orange {€. S. 233} 


0» trifoliata 

Spots pale brown 

Spots dark brown 

No acerviill, no infection. 

Orange (Assam) 

Spots pale yellow . 

Spots brownish , 

As above 

Galgal 

Spots pale brown 

Spots dark brown 

A few acervuli. positive 
infectrioii. 

Pomelo 

Spots pale brown . 

Spots dark brown 

Acervuli formed, positive 
infection. 

M itha 

Spots pale brown. 

Spots brownish . 

No aeerxaili, no infection. 

Khatta 

Spots pale brown. 

Spots dark brown 

A few mii-'rvuli. positive 
infection. 


Table VII shows the result of inoculatior with cultures isolated from wither-tip 
of orange (233 C. S. and 216 C. S ), malia (235 C. S.), pomelo (238 C. S.) and from a 
local malta leaf (C. S. 230) on different varieties of malta. The twigs were obtained 
from the Indian Mildura Fniit Farm, Renala Khmrd. 

Table VII 


Result of inocuMion of different varieties of malta with spores from cultures isolated 

from different host-plants 


Varieties of malta 

Orange 
233 O.S. 

Malta 

235 a S. 

Orange 

leaf 

2ia C. S, 

Malta 

leaf 

230 0. S. 

Pomelo 
238 0. S, 

Blood Red 

Acervuli 

+ 



: + 

+ 

-j- 

Wilkie .... 


+ 

' . 


Excellence 

■ — ■ ■ 

:+ 



Italian • . . , 

+ 

+ 


' ■ : 

-j- .P ■ 

Jaffa , • . . 

+ 

+■ 

' 



Musumbi .... 

+ 


,EeW" +■ /, 

"■Few, ^ 


Ruby .... 

— 

- ■+ . 

":EeW.' d"' 



Washington 

. — ;■ j 


4* 
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In Table V'lII, the result of inoculation of potted malia and s ant plants -with 
two different cultures of malta anthracnose and one of sanfara has been show. 
Four plants were inoculated with each of these strains and two plants of each 
were kept as controls. The plants to be inoculated were pricked at several marked 
places (not on the leaves) near the tip and then sprayed with a thick suspension 
of spores. Shedding of leaves began after ten days and in a fortnight t#igs showed 
signs of wither-tip. Control plants were all healthy. 

Table VIII 


Result of inoculation of potted plants with three different strains o/C. gloeosporioides 


Fungus strain 

Host 

No. of 
plants 
inoculated 

Observation after two months 

Malta wither-tip culture 
22- 7/7 of 347 

Malta 

4 

Three altogether dead, one 
shows disease. 

Do. 

Santara 

4 

All leaves shed, tips show 
disease. 

Malta wither-tip culture 
19-7/1 of 345 

Malta 

4 

One dead, two twigs dying 
back showing wither-tip, 
one healthy. 

Do. 

Santara 

4 

Every twig shows wither-tip. 

Santara wither-tip culture 
22- 7/6 of 346 

Malta 

4 

One dead, two diseased, one 
healthy. 

Do, 

Santara 

4 

1 

Three very badly diseased, 
almost dead, one slightly 
affect. 


From the above experiment it is clear, that the strains from santara and malta 
inter-cross and pass easily from one into the other. Plate XVI, fig. 3, shows a potted . 
malta plant which had been inoculated with a strain G. gloeosporioides from santara. 
Two of the branches are dead. 

( j) of ^iocks on scions in prodxicing resistance or otherwise if any 

In the plantations, in the Punjab various grafted plants of malta and santara 
are used. Generally the following are used in the Punjab as stocks: — Khatta, 
khatti, pomelo, mokri, mitha, kimb. Citrus commerce, turang, Citron pickle 
and Eureka lemon. In his trial of stocks at Peshawar, Brown [1920] used khatti, 
khattaj mitha and galgal as stocks, as these are mostly used by the local nursery 
men as their stock. 

U 
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The culture Nos. 346, 346 and 347 were used in most of the inoculation experi* 
ments, as these strains were found to be virulent, and inoculated to the malta and 
santara leaves. In the following experiments cut twigs from grafted plants were 
taken and the effect of the stock on the scions on disease resistance or otherwise if 
any was studied. In one series the twigs were simply sprayed with spore-suspen- 
sions in distilled water and in the other before spraying incisions with a lancet 
needle were made on the twigs near the growing points. Malta twigs from grafted 
plants growing on the following stocks were taken— -if o&n, turaTig, Citron com- 
merce, hhaiti, himb, khatta, mitha, chakotra and Eureka lemon. The experi- 
ments were carried out in early April and two twigs of each in each series were 
inoculated. The twigs were placed in small beakers half full of sterilised tap water 
and left in a glass chamber with special ventilation arrangement. The leaves of 
the infected twigs began to fall in four-five days’ time. The tip became pale 
brown to dark brown and in seven-eight days’ time acervuli were formed. When 
tips were infected, there was clear demarcation between healthy and diseased 
tissue as characteristic of the disease. 

Controls were sprayed with distilled water and these remained healthy 
throughout the period of experiment. On the result of these experiments, it has 
been found that Eurekalemon, kJiatti, turang and kimb as stocks have s ottia effect 
on the malta scions in producing disease resistance to a certain extent. 

In the next series of experiments only the cut leaves oi malta growing on differ- 
ent stocks were inoculated by spraying with spore suspensions after incision in one 
set and without incision in another. Three leaves were put inside sterilised Petri 
dishes containing soaked cotton wool. Controls were kept and were sprayed with 
distilled water, and these remained healthy throughout the period of eight days 
during which observation was made. It has been found that under very moist 
conditions and in a bad state of ventilation as inside the covered glass basins— 
kJiatti, turang, and kimb which were found in the previous experiment resistant to 
some degree, became susceptible. Eureka lemon however was found to be resist- 
ant to a higher degree. 

Extensive field trials could not be done for want of suitable experimental 
orchards but in a small scale wals carried out in the Indian Mildura Eruit Farm 
Orchard at Renala through the courtesy of the proprietors. Culture No. 346 from 
santara and No. 347 from malta were inoculated by means of pricking and spraying 
on the following varieties of malta, viz.. Blood Red, Valentine late, and common 
malta grafted on kimb. Eureka lemon and khatta stocks respectively. Five plants of 
each were inoculated in early September, immediately after the rainy season in the 
Punjab. . The plants were under observation for over six months. Though 
Blood Red has been shown to be a susceptible variety by inoculation experiments, 
it was found that with kimb as stock no infection took place. Similarly Valentine 
malta on Eureka lemon remained free from disease. Only the common malta on 
Mo/fa showed typical wither-tip. 
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From the results of the above experiments done in the laboratory and in the 
field, it may be recommended that khaU% turang, himhB^ndi Eureka Icwow should be 
used as stocks when making grafts for malta and saniara, 

CONOLTTSION AND SDMMABY 

A major disease of the Citrus in the Punjab, viz.^ wither-tip caused by Golleto- 
trichum gloeosporioides Penz. has been studied. It occurs in an epidemic form in 
many places on santara {0, poonensis) and malta {G> sinensis). Though the disease 
is found throughout the province, it has been noticed that orchards situated near 
the foot of the hills suffer most. Beside withering of tips, great loss is caused by 
dropping off of immature fruits. Young plants may be killed outright. The 
diseased twigs turn silvery grey and become sharply demarcated from the healthy 
portion. The affected twigs and leaves bear minute dark acervuli around which 
dark septate or continuous setae are frequently seen. 

Studies include growth of the fungus in culture, isolation of different strains 
and experiments regarding sex in 0. gloeosporioides, method of infection and pene- 
tration, contributory causes, resistance of different species and effect of stock on 
scions (spraying tests and effect of manuring and aeration are described in the 
last chapter under control measures). 

G. gloeosporioides grows well on various media in culture and the spread of the 
fungus, spore sizes and various growth characteristics at different temperatures 
have been given. The effect of concentration of media on growth has also been 
given. Several strains, showing not only difference in spore -measurements but 
permanent differences in growth characters, have been isolated and their virulence 
in. causing disease has been tested. . Presence of different sex characters in the 
different mpnosporous cultures has been found. When two cultures were grown 
side by side, in some cases complete fusions were seen, in others space of aversion 
was formed, while others had the white line of aversion. No fruit bodies however 
have been formed. 

Though healthy plants have been successfully inoculated, it has been found 
that some of the severest injuries in connectior with the disease may be due to 
the combined effect with other fungi. 

Regarding contributory causes, it has been found that under unfavourable 
soil and climatic conditions or when the trees are injured by hail-storms or by 
any other means, the causal organism grows vigorously and quickly kills th'* plants. 

W'ith regard to the penetration of the organism into the leaf, it has been shown 
that the spores on germination in presence of water, give out certain products 
which react upon the cell walls and as a result the cells below always get injected 
before actual penetration takes place. Even when a filtered drop of water, in 
which spores were growing for twenty-four hours at 25®0., was placed on the upper 
surface of the leaf, injection ofthe cells below was produced. The infection tube 
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from tlio apprassoria-Iike structures produced at the tips of the germ -tubes easily 
penetrate and enter into the cells below. It has been suggested that nutrient 
substances diffuse out from the.injected cells and stimulate tlio appn^ssoria to 
germinate. 

For studying the resistance of different species of Citrus to the wither-tip, 
Ichqita, khatti, malta, sauiara, galgal, lemon, and pornelo loaves were separatc'Iy 
inoculated with two strains of G. gloeosporioides which were found to be very 
virulent. As a result of inoculation experiments, it was found that under very 
moist conditions infection never failed but under comparatively dry coiulitions, 
some of the above plants showed resistance to a certain degree. 

Different varieties of malta were similarly tested, but no resistart variety was 
found. 

Regarding the effect of stock on scion, it was found that Blood Red malta 
which was proved to he a susceptible variety, was found to bo somewhat resistant 
to wither-tip whoa grafted on kirnb as a stock. Similarly the Valentine late or 
Eureka lemon remained free. Only the plants vnth kJiatia as stocks developed 
typical wither- ti]) symptoms. Prom the results of experiments done in the labora- 
tory and in the field khatti, turang, kimb and Eureka lemon have been recommended 
as suitable stocks for malta and santara plants. 

III. Other diseases of Citrus 

(B) Ohlobosis 
(a) External symptoms 

The leaves show a mottled appearance and drop down early. Plate XIII shows 
drawings of a few chlorotic leaves of malta. Chlorosis is also seen in santara 
but not so commonly as in the other species. When a tree becomes affected, 
only a few leaves or a few branches may show the symptoms, though in some 
cases all the leaves may be involved. In the individual leaves, the lighter areas 
may be confined only to a few spots or almost the whole of the leaf surface may 
become chlorotic. In the latter case only narrow green bands may be seen alon^ 
the mid-rib and base of the secondary veins, the whole of the remaining area 
turning pale green or yellow. The yield of fruits decreases considerably and 
the fruits become smaller and from badly affected tre^s, no fruits are obtained. 
In Valencia, in Spain, Regueral [1932] found considerable reduction of yield 
from “ foliocelosis ” (chlorosis) and he mentions general stunting of the branches 
and elongation of leaves in chlorosis. In Italy, Petri [1926] observed mottling 
in orchards badly affected with “ wither-tip ” {OoUeiotrichum gloeosporioides 
Penz.) but be found no connection between the fungus and chlorosis. Hero in 
the Punjab, chlorosis has been noticed in maUa plants absolutely free from “ wither- 
tip ” ; hence there can be no connection with the fungus, chlorosis being really 
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due to some sort of pli^^siological trouble. Petri [1931] has also descri an 
infectious mottling of the leaves of Citrus vulgaris and, though he has not done 
any experimental work, he considers from the spreading nature of the disease, 
that it is carried by insect vectors, viz., Citrus aphids which are always present. 
It may be mentioned here that in the Bhupsari plots of the Lawrence Gardens, 
Lahore, where the alFected malta trees have been under constant observation, 
the malta plants are openly laid out and are free from Citrus aphids. In this 
plot plants show chlorosis at random. The chlorosis here is not thought to be of 
an infections nature. 

(5) Internal structure and chemical nature of the chlorotic regions of the leaves 

Sections of chlorotic and contiguous green portions of the leaves were cut 
and examined. It was noticed that in the chlorotic portions, the pigments be- 
come light coloured and as the chlorotic portions turn yellow and white, the 
pigments also become gradually separated from the plastids and degenerate and 
in whiter portions, the plastids, specially of the inner palisade and spongy tissue, 
degenerate and empty cells may be^seen collapsing. Somewhat similar symp- 
toms have been observed by Petri [1931] in what he describes as infective chlo- 
rosis. In sections of the chlorotic portion of the leaves, it is a common thing 
to find the light green pigments which break down forming minute granules, to 
be seen in a state of motion. 

Regarding chemical reaction of the chlorotic portions, Petri [1926] found 
that an excess of acid accumulates in the chlorotic region as compared with a 
contiguous green area. Sometimes it has been suggested that deficiency of 
calcium in the soil produces this condition. Regueral [1932] recommends appli- 
cation of calcium to stop this malady. But it has been shown that no correla- 
tion could be found between soil acidity or alkalmity and chlorosis. In Lahore, 
the soil from below the trees in the observed plants was tested, but no lack of 
calcium was noted, the pH value being 8*8. The soil from below the trees in 
different places showing chlorosis was also similarly tested and found to vary from 
8*2 to 9*0 pH. In no case any dearth of calcium was noted. The pH value of 
the normal green and contiguous chlorotic portions of the leaves has also been 
tested.. By means of a fine pair of scissors the different areas were cut out and 
the sap from the normal green and chlorotic areas were extracted separately by 
pressing in a vice between two thick ebony plates. As noted by Petri [1926] 
the chlorotic portions showed greater acidity. A large number of extractions 
was tested and the pH value of the chlorotic sap was found to lie between 6*4 


and 6*6 and those of the normal green portions between 7*0 and 7*2. It may 
be mentioned that the pH was tested in early May when the leaves were compara- 
tively young, and perhaps more acid might accumulate later when the leaves 
became older. This will again be done, but no correlation between accumulation 
of acid in the chlorotic regions and lack or excess of calcium in the soil could be 
made out in any case. 
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(c) Experiments on the control of chlorosis of malta 

The injections of chemicals into plants for the control of fungous and bacterial 
diseases have been tried by various workers from time to time, but the results 
have been conflicting. This is apparently due to the fact that a solution of any 
chemical that will injure the protoplasm of the causal organism will also injure 
the protoplasm of the host-plant cells. Recently the injection of iren salts into 
the trunks of trees for combating chlorosis of various plants has received con- 
siderable attention. Bonnet [1927] effected a ninety per cent cure of chlorosis of 
pear trees by injection of iron salts, and Wann [1930] by placing dry salts of ferric 
ammonium in holes bored into the stem of grape vines, peach and apple trees 
effected a similar cure ; the best response, however, was obtained by him from 
ferric phosphate. Thomas and Haas [1928] checked chlorosis of orange trees 
by injection of iron salts but they found subsequent injections necessary, since 
the wood was injured for some distance along the point of injection. A short 
note on the curative iraliie of iron salts when injected has been published by the 
author [Chaudhuri, 1933]. In the experiments for the cure of the chlorotic condi- 
tion of the malta leaves carried out here, the efficacy of different iron salts has 
only been tried. These salts have not only been injected but also sprayed over 
the plants with beneficial results. The experiments were carried out in early 
November with chlorotic malta plants only. In the preliminary experiment, cut 
twigs of mato bearing chlorotic leaves were placed in 0*01, 0*001 and 0 *0001 per 
cent of the following salts : Ferric phosphate, ferrous phosphate, ferric sulphate, 
ferrous sulphate and iron-alum. Control twigs were placed in tap water. These 
were kept under observation for seven days in a big glass chamber, the atmos- 
phere being naturally much more humid than that outside. It was observed 
that in solutions 0*01 and 0*001 per cent all the twigs except those in iron-alum 
became dead in three days. The leaves of the chlorotic control twigs also dropped 
down and in four-five days, the leaves of the non-chlorotic control twigs also 
dropped down. In iron-alum, 0*01 percent solution, it was observed that the 
twigs remained very fresh for over seven days but no recovery from chlorosis 
was noticed and in dilute solutions of iron-alum, the leaves dropped down in 
three-four days. The other iron salts, however, proved beneficial in very dilute 
solutions (0*0001 per cent), ar d partial recovery from cblorosis was specially 
noticed in ferrous sulphate and fen*ous phosphate solutions. 

In the second series of experiments, cut twigs with chlorotic leaves were 
first placed in normal culture solutions. After twenty-four hours these were re- 
moved and placed in 0*0001 per cent of the different ferric and ferrous salts for 
twelve hours and then were replaced in the culture solution. Similar results were 
observed. The efficacy of the salt solutions in 0*0001 per cent solutions may 
be put in the following order 

1 . Ferrous sulphate — most helpful, many recoveries. 

- ' 2. Ferrous phosphate — ^helpful, partial recovery. 

3. Ferric phosphate and ferric sulphate— -very slight effeci, if any. 

4. Iron-alum — no recovery. 
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Simultaneously With the above experiment, in another set detached chlorotic 
malta leaves were placed in large glass basins with cover over soaked cotton wool 
and sprayed with 0*0001 per cent solutions of the above salts. Partial recovery 
was noticed only with ferrous sulphate and ferrous phosphate solutions. Hence 
these two were selected for field experiments. 

Solutions of these salts, 0 * 0001 per cent, were made and 2*3 c.c. were intro- 
duced very slowly at a time by means of a hypodermic syringe. Two injections 
were made in each twig. After three days the twigs injected with ferrous sul- 
phate solution showed definite recovery. Simultaneously, when some twigs 
were injected, other chlorotic plants were profusely sprayed with ferrous sulphate 
and also with ferrous phosphate solutions ; these showed recovery. The new 
leaves that developed in plants sprayed with ferrous sulphate showed freedom 
from mottling, though in the following year the plants again formed chlorotic 
leaves. There can, however, be no doubt that ferrous sulphate in 0*0001 per cent 
solution helps recovery from chlorotic conditior: and as injection method requires 
special care and technical skill, spraying with ferrous sulphate is recommended 
and spraying twice in the year will no doubt be found useful in curing chlorotic 
condition of mafea trees. 

SXTMMABY 

Chlorosis of malta {Citrus sinensis Grove) has been investigated. Chlorotic 
areas become slightly more acid than the adjoining green portions. No correla- 
tion with the soil condition has been found. In transverse sections the chlorotic 
areas show light green chloroplastids and in bad cases where the regions turn 
yellow or whitish, break-down of the granules is seen and also the plastids dege- 
nerate and the cells become empty and collapse. Injections and spraying with 
different iron salts have been tried for curing chlorotic condition. Ferrous sul- 
phate in 0*0001 per cent solution, whether injected or sprayed, has been found 
to be most efficacious and as spraying requires no special skill, this method has 
been recommended. 

(C) Saprophytic moulds . 

(a) Symptoms 

These are found to a certain extent in almost every garden, but in certain 
orchards they appear in a severe form and practically cover all the leaves (Plate 
XIV) and even fruits with a black incrustation, consisting of a weft of black my- 
celial threads of fungi of more than one species usually. When complete incrusta- 
tions are formed, the sunlight is to a great extent cut off and consequently normal 
physiological processes of the leaves are interfered with. Not only , does less 
formation of starches and sugars so necessary to the growth of the plant take 
place, but it has been observed that the fruits so covered have a sour and fermented 
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taste. Oftea tlie yield becomes very much reduced. Where fruits are covered 
in patches by the sooty mould iucrustations, they develop a mottled appearance 
which is seen on cleaning the fruits. This is due to the fact that the covered 
patches do not ripen with the rest of the fmit surfece and tho»^e retain a light 
green colour. Sometimes leaves covered with sooty mould curl and slirivel up 
under dry conditions. The black covering of Booty mould is, however, entirely 
superficial and may easily be rubbed off. Under dry conditions, they thom- 
selveB become detached and are blown off in bits by the wind. They do not 
enter into the tissues of the leaves, but live on the honey-dew secreted by the 
scale insects in the wake of which they follow, and the control of the diseas^^ 
depends to a great extent on the control of the insects, for without their excretions, 
they will soon disappear. 

Abundance of sooty moulds is generally found in the orchards where the 
tiees are very closely planted or where the trees are shaded by other tall rrees 
around them, so that light is interfered with and the atmosphere remains more 
humid. The foilowiiig fungi have been found to take part in forming the sooty 
incrustations, viz.^ Acrothecium lunatum, Gapnodium citri, AUernarm citric Glades^ 
porium herbarum var. citricola and Ghaetommm Bp, The ascigeral fungus, Pirns- 
pom herbarum, has also been isolated. Any one of the first four species may pre- 
dominate. Composition differs in different places, perhaps also in different 
seasons. The presence of Alternaria in sooty moulds may lead to infection of the 
fruits at the stylar end causing black rot of oranges and also dropping of immature 
fruits. Acrothecium may also produce a similar black rot of the fruits if it can 
gain entrance. 

(b) Acrofhecmmlunalum Whk. 

It has been isolated from the black incrustation on the leaves and grown 
in culture on various media. The conidia are curved, knee-shaped, 2-4-septate 
with large middle curved cell (Plate XVIII, fig. 2). It measures 18*22 X5‘7 p. 

It grows well on a large variety of media. On starchy media like potato agar, pea 
agar, bean agar, etc., greater development of aerial hyphse takes place but the 
spores are usually smaller, whereas, in synthetic media like Raulin’s, etc., lesser 
development of aeiial hyph^e takes place but the spores are bigger. It has been 
grown on vaiious concentration of Raulin’s. In higher concentrations, no spore 
formation took place and the mycelium developed a slight pink colour and in 
very low concentrations (iV’/32), scanty development cf hyph«e took place and 
the growth was zonal. Regarding width of the spores it was found that the mean 
breadth from N to iV'/32 concentration decreased gradually from 6*9p to 5-2jx 
and rhe area of spores (length X breadth) also uniformly decreased from normal 
to jV/32 concentrations, though the greatest mean length of the spores was found 
at V/16. In hanging drops, the spores germinate readily. Glerm-tubes are 
oxmed either from one end or both ends. Inoculation experiments have also 
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been done Pug inoeulations were made. The inoculum was introduced inside 
both maUa and smmra fruits. In a week’s time when the fruits were cut jet 
black rot was seen. The fungus was re-isolated from the inoculated frmts. Con- 
trol lies in removing the source of contamination by spiaymg the leaves with 

fungicides. 

(c) ci/n Berk, et Desm 

This fungus (Plate XVIII, figs. 1-2) lives entirely superficially on the leaves 
and fruits oiOitruB sp. on the excretions left by the scab insects. In it 

never gets inside the tissues and causes no rot. In certain regions and in certain 

season^ this foims the predominating sooty mould fungus. 

mention that “ when it occurs in abundance, it may seiiously retard the growth, 
causing light blooming and flowering, and lendering the tiee less resistant to 
droiK^ht.” The curling and shriveUing of leaves affected by sooty mould under 
Z c'onditions has already been mentioned. The colour of the h^h^ varies from 
olive-green to deep brown, and they foim a dark brown crust cn the suiface Th 
funvus reproduces by conidia, pycnidia, styiospores and perithecia, and these 
S berdlribed and drawn in detail by Webber [1897]. The measurement 
of the different kinds of spores varies a lot and they grow readily m cultiires. 
Conidia, pycnidia and styiospores are abundantly formed in cultures, bu. their 
Shanes ml sizes differ very much. Stellate spores of Tnfos^onvM form are 
realily famed from the hyph* (Plete SVni, fig. 2). to getmmate tmddy. 
Control by spraying with fungicides. 

{d) Alternarm citri Pierce 

It is almost always associated with the sooty mould fungi and ^ 

dropping of fruits and also a black dry rot of the fruits if it gets mside the fruits. 
In mmj parts of the Punjab, ^terwana rot is common. It gei s in either through 
the styL end or stem end of the fruits which gradually becomes pale and ^s- 
coloured. Alternana can only get in through some injured tissue produced mther 
mechanically or thiough insects. The rot is seen when the frait is cut open. 
”2:.™ in- h.» h'een m«l.M both feom the 

on the leaves and fruits and also from the rot inside the fruit. The cuMre froin 
the mould as well as from the fruit rot have been grown side by side in various 
media and have been found to be identical. This fungus 

anv media and the spores which are septate are m chains (Plate XVili, hg. )• 
m J ™ 2 gL.inate Wuy. and the ge.m4„b« may be fam^ 

oeU, i even tom each cell oi t he spo.e. The meamnement oi the 

■ lUernaria spores are almUst always present, care should be taken when 

picki^ the fruits, otherwise through the least injury, the fungus will get m and 

produce rot in storage. 
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spores in various media shows that i;hey differ a good deal. Effect of diffei’ent 
concentrations of Richards’ medium on growth and spore formation was studied. 
Altemaria grew very well at %N concentration when rlie largest size spoios were 
also formed. Inoculation experiments have been made and it lias been found 
that iHs a wound parasite. Plug inoculation of fruits produced die cliare.cteristic 
rot. As the source of contamination is alw^ays piesem in the sooty inoulds^ 
spraying with fungicides to remove them will piove effective in checking it. 

{e) Cladosforium herbamm var. citrimla F. & B. 

It is very commonly found in the sooty-mould inciusiations of the Citrus 
leaves. This fungus also causes what is known as lejirosis ” or '' nail head 
rust ” of sweet oranges. It piodiices sunken spots on tlie rind, Tlie fungu.s 
readily grows in ciiluiie and abundant spores are fornied (Plate XVIll, fig. 5), 
The spores vary in shape and size (8-12*6[r x2*7-3' Ip.). In ciihure, tlie fungus 
develops a gieenish tinge. 

(/) Ghaetomium sp. 

Sometimes it forms an important fungus in the sociy-mouid incrust-ations. 
It is a puiely superficial fungus like the GapnocUum living on the excretions of 
the sGaie-insects, It forms dark black hyfihse and peiilhecia with asci ai© often 
seen and are formed readily in cultures (Plate XVIII, fig. 7). It- may readily be 
removed by spray mixtures. 

(g) PUospm'a herbarum Rab. 

It may be looked upon as quite a common black mould of Citrus leaves in 
many parts, Peiitbeck formed on almost any media — even on moki cotton 
wool plenty of fruit bodies are formed. Ascospoies germinate readily (Plate 
XVIII, fig, 6). Other species of Pkospora are found on dead twigs oi Citrus form- 
ing fructifications. 

OONOLUSIONT AND SUMMARY 

Organisms taking part in the formation of sooty -mould incrustations of 
Citrus leaves and fruits in the Punjab have been isolated and their growth in oul- 
tuie studied. Though not much actual damage is done to the leaves by the 
sooty coverings, the fruits so covered turn bitter in taste. Besides some of the 
organisms taking part may cause important diseases and always lemain as a 
perpetual source of infection unless properly controlled. For instance, A feemana 
cifri may cause considerable loss in conjunction with G, gloeosporioides hy biing* 
ing about fall of immature fiuits. Similarly Cladosporium herbarum vai,. eAtri^- 
cola may cause leprosis or nail head rust of sweet oranges. 
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Six dififei-erit fungi. Aerofheciumtunatum, Capnodium citri, Cladosponum 
herbarum var. citricola, Alternana citri, CJiaetomkim sp., and Pleospora Iierbamm 
have been commonly found to take pait in the formation of sooty inernstations 
of Citrus. Most of these are known to occur on Citrus and other fruit trees in 
different countries. Preti [1923], Janini [1923], Tengwall [1924], Bolle [1924], 
Fraser [1933-1934] and others have investigated the composition, systematy and 
physiology of the fungi. Beside the forms noted above Aspergillus is also readily 
found in the sooty incrustations. All those moulds which follow in the wake of 
the scale-insects and live on their excietions, may he effectively controlled by 
controlling the scale-insects. Details regarding spraying for their control have 
been given in the chapter on control measures. 

IV* Control measures 

(a) Control experiments at Lahore, 

Extensive experiments for the contioi of the disease in the field by means of 
spraying, manuring, aerating, etc., have been done, and will be described later 
in this chapter. Firi-»t a few experiments to see the efficacy of certain spray 
mixtures in preventing the disease are desciibed. In the pieliminary expeiiments 
done in the laboratory only Bordeaux mixture (5:5: 50) and two proprietory 
mixtures, viz.^ Sulfinette and Aihoretas Wash were used. The experimental 
plants were kept under observation for over two months and only disease*£ree 
plants were selected. These were first sprayed with the fungicides and were 
then sprayed with spore suspensions after a week.*^ After a fortnight all the 
malta and sanfara plants excepting those pieviously sprayed with Bordeaux 
showed positive infection. Plants spray'od with Sulfinette and Arboretas Wash, 
though infected, were no doubt in a much better condition than the unsprayed 
plants which were very badly infected. . 

Systematic spraying of fungicides for the control of wither-tip and other 
associated diseases was taken up from early November, 1931. At that time 
the plants were all bearing fruits and hence no pruning could be done. A very 
badly affected plot was selected in a garden (Mangal Singh’s garden, near Shahdara) 
near Lahore. Almost all the twigs of the plants showed wither-tip (Plate XY) 
and every day a large number of immature fruits were dropping on account of in- 
fection by CoUetotricJium and sometimes also on account of other organism. The 
affected fruits showed pale yellow colour, and from a large number of fruits the 

* For the preparation of fungicides the following books have been freely consulted — 
Anderson and Roth . Insecticides, fungicides and Appliances, 1923. 

Bourcart and Burton . Insecticides, fungicides and Weed Killers, 1926. 

Mason . . . Spraying and Busting and Fumigating of Plants, 1929. 

Fawcett and Lee . , Citrus Diseases — Chapter on fungicides, etc., 1926. 
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causal organism was isolated. These fi'uits also become bitter in taste and rather 
soar. In this plot, the leaves of the plants were all covered by sooty moulds. 
Two different spray mixtures were tried, viz., Bordeaux Paraffin oil emulsion and 
Sodium snlphate-kerosine oil emulsion. The follow^ing shows the result of sf>!ay- 
ing 


Bate of spray- ' 


No. of 
trees 
sprayed 


Spray mixture 


Quantity 

sprayed 


Remarks 


Slid Nov. 1931 


8 mitha 
1 galgal 


4th Nov. 1931 W nialtii 


Sodium sulphate I 12 gail. 
kerosino oil emul- j 
sion. Sodium sul- 1 
pbate 6 oz. Kero- : 
sine oil emulsion | 

650 c. cinl2gaIL j 
water. | 

Bordeaux Paraffin oil 40 gall, 
emulsion. Copper i 
sulphate 4 lbs. Un- | 
slaked lime 4 lbs. | 

Paraffin oil emul- | 
sion 1 gall. Water i 
49 gallons. | 


Not v(a‘y effective for 
fro it -fall but pre- 
vents sooty- mould. 


Spray mixture spreads 
uniformly and sticks 
for a long period. 
After a fortnight 
fruit-fall checked. 
No further Sfiread of 
disease.* 


Four mitha and four malta were left untreated as control plants. In these 
the fruit-fail continued unchecked. 

The Dupsari Citrus plot in Lawrence Garden, Lahore, where the jrlants were 
badly attacked by wither-tip and other diseases, was selected for testing the 
efficacy of the different spray mixtures, viz., Bordeaux mixtures (4:4: 50 and 
6:6: 60), Bordeaux with crude oil emulsion, Ammoniacal copper sulphate. 
Home-made lime sulphur and also the following proprietory fungicides, viz., 
Arboretas Wash, Cooper’s fungicide, and Sulfinette. As this plot was badly, 
infected, there were very few fruits on the trees. These trees were heavily pruned 
before first spraying was done. All cut twigs were carefully collected and burnt. 
The second spraying was done with the same spray mixtures on the siuno trees 
in middle of May, after new fruits had been formed. The spraying was always done 
in the afternoon. The details r^arding spraying and the results are shown in 
Table IX. 

* m the following March these plants were pruned heavily and sprayed oneo more 
before the flowers came out. Next season there was practically no loss from fruit-fall in 
that plot. 
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Table IX 


Besult of spraying of malta trees with different fungicides. First spray as on date in 
the table, second one during middle of May 1932. . 


Date of spraying 

No. 

of 

trees 

Spray mixture 

Quan- 1 

tity j 

sprayed 

Bemarks 




(Gallons) 

No spray injury, many 
twigs dying back, on 
dead twigs fruiting 

bodies of gloeospori- 

oides and also of Gloeos- 
■porium appear, leaves 
pale green in colour, 
fruits bigger. 

2nd Deo. 1031 . 

12 

i 

Bordeaux (4:4: 

50). 

10 

3rd Dee. 1931 . 

14 

j 

SnlBnette ( 1 in 
40). 

8 

Young leaves were scor- 
ched and later all twigs 
and branches showed 
wither -tip progressing. 

4th Dec. 1931 . 

21 

! 

Cooper’s fungicide 
(1 in 16). 

10 

These plants had no fruits, 
no sprajj' injury but an - 
thracnose spots appear- 
ed on leaves, later, twigs 
showed wither-tip. 

10th Feb. 1932 

52 ' 

Cooper’s fungicide 
(1 in 16). 

22 

'Results as above. 

17th Feb. 1932 . 

28 

Sulfinette 

12 

, 

Scorching seen, fruits sun- 
burnt, twigs also showed 
wither-tip progressing. 

Do 

38 1 

Bordeaux(4 ; 4 :50) 

20 

No injury, but disease 
not checked. 

Do. 

18 

j Bordeaux (5 : 5 : 

j 50) 

D 

No injury, better result 
than Bordeaux (4 4 : 50) 
some plants (5 out of 18) 
badly affected. 

Do. 

15 

Bordeaux and cru 
de oil emulsion. 

6 

No injury, trees healthier, 

5 out of 15 plants showed 
mild wither-tip. 

Do. 

24 

Ammoniacal cop- 
per carbonate. 

17 

No scorching and injury 
to fruits, disease held in 
check for some time, 
but later twigs showed 
wi- ther-tip. 

Do. 

38 

Home-made lime 
sulphur. 

13 

No injury, no scorching 
of fruits, similar in effect 
to Bordeaux (4 : '4 : 50). 

Do. 

80 

Arboretas wash . 

7 

The wash, is perfectly safe 
to use, young leaves not 
scorched, trees have 

healthier appearance, 

disease checked, 22 malta 
out of 80 showed disease. 
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Half a dozen malta trees showing wither- tip were left untreated as control plants 
during the progress of the experiment. At the end of two years, these plants 
showed wither-tip right up to the stump — the upper portions being dead. Those 
were then cut down and burnt. Regarding the efficacy of the different spray mix- 
tures as seen from the above experiments it may be summed up that Bordeaux- 
oil emulsion and Bordeaux mixture (.5:5: 50) proved htlpful and of the pro- 
prietory fimgicides Arboretas Wash proved a useful one. The cost of spraying 
per tree per spray is given below 







, Rs. 

A- 

F. 

Ammoniacal copper cai'bonate 

. 



, 

. 0 

2 

0 

Arboretas Wash .... 





. 0 

1 

■0 

Bordeaux- oil emulsion 

, 




. 0 

0 

9 

Sulfinette , . . . . 

, 




* 0^ 

O' 

9 

Home-made lime sulphur 




# 

. 0 

0^ 

5 

Cooper’s fungicide . , . 

. 



, 

. " 0 

0 

3 

Bordeavix mixture 

• 




.. 0 

0 

3 


In July 1932, the orchard adjoining the Superintendent’s Bungalow, Lawrence 
Garden, Lahore, was chosen for spraying with fungicides. This plot contained 
mostly mdta plants and all the plants, without exceptkm, were affected by wither- 
tip. Three hundred and thirty plants were sprayed with 325 gallons of Bordeaux- 


crude oil emulsion. The cost per tree for spraying worked at 

nine pies 

per 

(including labour) as follows : — 




Rs. 

A. 

F. 

Copper sulphate — IBJ seers . . . . . 

. 8 

2 

0 

Lime — 16|- seers . , . . . , . . 

. 0 

8 

0" 

Crude oil— gall* . . . 

1 

14 

0 

Soap— 1 seer 

. 0 

8 

0 

Other charges (carrying spray machines, vats, etc.) 

. 2 

6 

0 

Total 

13 

6 

0 


At the time of spraying in July a large number of fruits were daily dropping down 
on account of the stem-end-rot caused by G. gloeosporioides. On dissecting the 
fruits the dry rot could be seen progressing through placenta into the pulp. Some- 
times the fruits dried up and remained attached to the stalks. The stalks from 
the bottom end (2-in. to 3-iii.) sometimes dried up and acervuli were seen develop- 
ing on them. 

As a result of spraying, further fruit-fall was checked, but the result on the 
whole was not as satisfactory as might be expected, for during the weeks following 
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spraying, there were frequent showers, which washed off much of the spray ma- 
terials* Hence later on Bordeaux mixture with either ferrous sulphate as a sticker 
or Bo'in t for the same purpose was used. Rosin sticker was used in plots where 
plants suffered from sooty mould as well. Sometimes Bordeaux-rosin sticker 
with nicotine sulphate J speciaUy where scale-insects were present, were u^. 

The use of the last-named spray mixture, however, is objected to by the Sikhs 
on religious grounds as it contains nicotine. So Bordeaux-rosin which is a cheap 
and effective fungicide is recommended for use. In many of the orchards chlorosis 
is a common form of ailment, and in those cases Bordeaux with a ferrous sulphate 
sticker has proved of great help (chlorosis and its control have been dealt with 
separately in another chapter). 

- In a private garden at Lahore seven Citrus (four malta and three santara) 
trees were very badly affected by wither-tip and bore branches which were kffled 2 
ft -3 ft. downwards. The trees were almost dying. Leaves showed mottling. 
These were heavily pruned and sprayed with Bordeaux containing ferrous sulphate 
as a sticker (22/1/87). There was no injury to the leaves, and though it ramed 
several times, the fungicide was not washed off (6/3). This fungicide proved very 
effective. The plants all revived, grew well, no wither-tip appeared and the leaves 
were no longer mottled but , developed a healthy green colour. Next season, 
all these plants fruited very well. 

In the laboratory, forty other GUtus plants {malta, santafa and mitha) which 
were flowering at that time (7/3) and were full of scale insects, were sprayed with 
Bordeaux (3:. 3 : 50) with rosin-sticker. When examined after a fortnight the 
plants were found free from the aphids, and it was seen that there was practically 
^injury done to the flowers. In another lot of plants growing in pots and attack- 
ed by scale-insects, spraying was -done with Bordeaux with Rosin-sticker and ni- 
cotine sulphate with very good results. To 12| gallons of Bordeaux misture (4 : 4 :5p) 
60 e c. of nicotine sulphate (40 per cent) and 1,000 c.c. Rosin-sticker were added. 
This spray may be used in plants in which the fruits have set with very good result, 
but should not be used in flowering time. In the laboratory, six plants which 
were flowering at the time of spraying did not bear any fruits. 

In July 1933, three hundred Citrus plants (mostly malta) in the Dupsari 
plot were sprayed with 350 gaUons of Bordeaux mixture (5:5; 50) with Rosin- 
sticker after pruning. These plants had been sprayed in the previous season. Three 
hundred and thirty plants in the Orchard adjoining Superintenent’s Bungalow, 
which had in the previous season been sprayed with Bordeaux mixture (5:5: 50), 
were sprayed with 350 gallons of Bordeaux with fer rous sulphate as a sticker. 

*0opper sulphate 5 lbs., ferrous sulphate 4 lbs., lime 10 lbs., water 60 gallons..; 

t Rosin 2 lbs.. Washing soda 1 lb.. Water and Bordeaux mixture 50 gallons. 
(4:4: 60). 

JWith Bordeaux-rosin (60 gall.), i pint of Nieotme sulphate (40 per cent) was 

. . ..-used.' - 
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Both the above mixtures have proved very useful but the errous sulphate 
sticker sticks for a much longer timex Leaves of plants sprayed before the rainy 
season (in May) bort traces of the spray long after the rains (October). The former, 
VIZ., the Bordeaux with Rosin-sticker costs seven pies per plant per spray and 
the latter six pies per plant per spray. 

adjoining the Superintendents Bungalow was once more sprayed 
in hebruary 19.34, and this plot with over 300 plants may be said to be free from 
the disease. The yield of fruit last season was very high and there was practically 
no loss from fruit-tall. i j- 

{h) Control experhnents at Nurpur 

Nurpur is situated at the foot of the hills in the Kangra Valley. It is a very 
important centre for Citrus cultivation and in and around Nurpur, there are quite 
a number ot large plantations. Sooty moulds heavily cover the leave.s 

i'denllo™ appeared in rather an 

Through the courtesy of the Hon’ble Mr. Justice Tok Chand his Citrus or- 
chard just opposite the Nurpur Railway Station was placed at our dispasal for 
yntrol experiments. Bordeaux mixture with Rosin-sticker was exclusively used. 
Sixteen hundred plants (santara 1,277, malta m,nimbu 113 mdgalgaHO) were 
sprayed with 1,600 gallons of the spray at a cost ofseven pies per tri (1:6: 33), 
had been^hghtly pruned. The spray killed the sooty moulds which fell off 

Hed off ^ the spray was not completely 

^ ^ ^IT improved very much in appearance, and 

there was practically no loss from fruit-fall. When in the folIowL February 
the plants were heavily pruned and sprayed once more with the same fungicii 
there was very little of wither-tip or sooty mould. The plants fruited m^ 
plentifully. Most of the growers in that area took much interest in our work 

W^'atT,r" fungicides, many of them’ 

have taken up control measures according to our directions. 

(c) Recommendations for disease control by spraying of fungicides 

or 2+61? ■ ‘ ^ sulphate as sticker, where sooty moulds are absent, 

for use. As the stickmg power of ferrous sulphate is greater and as it checks 
mottimg to a great extent, its use as an alternative spray mixture after usim^ 
R^m-sticker to remove and control the scale-insects is recommended For plante 
which am badly attacked by the aphids, on the excretions of whL Z 

Bordeaux-rosin may be used as a first spray 
but It should never be u sed when plants are flowering. ^ 

* When these crusts were plated, the^^^^ did not 
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In this connection a few words about quarantine treatment of imported plants 
for the prevention of disease will not be out of place. In India many nursery- 
men and private owners import Citrm plants and stocks from Australia and other 
places. At the Bombay Custom House, the plants are fumigated by hydrocyanic 
acid gas. To find out the efficacy of the treatment a packet containing Gitnis 
twigs badly infected by wither-tip and Citrus GosnkBV, was made and sent to the 
Chemist at the Custom House at Bombay for fumigation. The packet was loosely 
wrapped in muslin. It was treated to three hours’ exposure of about 0*07 grm, 
per cubic foot of hydrocyanic acid gas to start with. The concentration is only 
approximate, for as the Custom Chemist says, it is arrived at by calculation on the 
basis of the quantity of potassium cyanide used to generate hydrocyanic acid gas 
and the cubical contents of the fumigation chamber. 

When the packet was received back in Lahore, thick spore suspension was 
made from the spores in acervuli and several platings on potato-agar were made 
and incubated at 25°C. After three days the plates were absolutely full of colonies 
of C. gloeosporioides. Plating of the canker organism from the treated material 
also showed that they were not in the least affected by three hours’ treatment of 
hydrocyanic acid gas at that strength, and the number of colonies formed in both 
cases was similar to those from the untreated ones which were made for comparison. 

(d) Control of disease by manuring and aeration 

It has many a time been claimed that plants resist disease if they grow under 
a healthy condition inducing vigorous growth. In Citrus plants, in the Bombay 
Presidency, the die-back disease has been claimed to be successfully controlled by 
proper manhring and aeration [ Sahasrabuddhe, 1927 ; Cheema and Bhatt, 1929 
To find out if vigorous growth could help the Citrus plants in checking the wither- 
tip disease, experiments on manuring and aeration and also the combined effect 
of the two have been done both in Lahore and in Nurpur ; 

Only two kinds of manures, viz., sulphate of ammonia and Niciphos Grade II 
(containing equal quantities of nitrogen and phosphoric acid, m;?., eighteen per 
cent nitrogen and eighteen per cent phosphoric acid) supplied by the Imperial 
Chemical Industries were tried. For applying the manure the soil is watered first 
and then a B-in. to 9 -in. deep groove is cut round the trees where the spread of 
the branch finishes. About two lbs. of manure is now put in the trenches round 
each tree and thoroughly mixed with the soil. 

In Dupsari plot in the Lawrence Garden, Lahore, forty malta trees were treat 
ed with hliciphos and forty-four with sulphate of ammonia, twenty were untreated 
and kept as control and in the plot adjoining the Superintendent’s Bungalow 
forty malta were treated with Niciphos and sixty with sulphate of ammonia, but 
in between the rows of plants (distance approximately 15 ft.) trenches two ft. wide 
and three ft. deep were dug. The trenches were cut a month previous to manuring 
the plants. Between these rows of untreated plants two similar trenches were 
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dug and two rows of plants were left untreated and witliout any tron<d.ies by tbeir 
■side. Tlie trendies were dug at the end of July. It rained off and on thronglioiit 
August and September and after three months, i.r., by the end of Oc3t0l}er tlio 
trenches were filled up. In Nurpur Control Station, experiments with mamirirjg 
only were 'made, but no trenches were dug. Manuring was done at the end of 
August. Thirty-two santara ■ and twenty -six malta plants were troo^ted with 
Nieiphos and thirty-two samiara, fifteen malta and thirty-two galgal plants were 
treated with sulphate of ammonia. 

The cost of treating each plant with Nieiphos was Es. 0-3-3^ arif I witli sul- 
phate of ammonia Es. 0-2-2 only. The experimental plots in Lahore were Tjsited 
every fortnight and the Nurpur Station every two months. It iwiy lie inontionod 
at the outset that no appreciable difference in the growth o;nd vigour of plants 
was found by aeration only. Perhaps aeration might improve the condition of 
the plants in ill-drained soils. But manured plants show^od distinct supennority 
over the iinmcjuired ones, the newer leaves being of a deeper green colour, and 
there was greater abundance and bigger size of fruits the following season and in 
this respect Nieiphos proved a l>etter manure. As most of these plants had been 
under control spraying, the check of wdther-tip in these plants could not be as- 
cribed to mamiriug only. But a few plants which had not b(»on sprayed but 
treated with manure, though improved very much in general condition, showed 
the presence of wither-tip as before. That manuring alone cannot prevent the 
disease is evident from the experiments carried out by the Imperial Chemical 
Industries themselves in the Government Botanical Garden, Saharanpur, where 
a new orchard treated regularly with different kinds of manures from the begin- 
ning, showed tire presence of wither-tip and canker in many of the plants. 

(e) General observations 

To prevent the disease and to deal effectively with it when it has appeared, 
the orchardist must properly nourish his plants, prune the diseased twigs every 
season and bum those twigs and as a routine work spray once immediately after 
pruning (February-March) and once more late in September or early in October 
when the fmits are growing, according to the directions given already. Not only 
have the orchards to be maintained in a disease-free condition, but it is equally 
or perhaps more important to keep the nurseries in a sanitary condition for, as 
mentioned already, the diseases in the Punjab have in recent years been found 
to spread mostly &om the nurseries which are very badly infected by wither-tip 
and canker. Owing to ignorance, people buy infected plants. For this, dissemi- 
nation of knowledge about diseases in plants is essential. The author [ Chaiidhuri, 
1936] published a scheme for this purpose. Growers should be advised on simple 
control methods, and nursery plants have to be sprayed regular^ for protection 
against diseases ; also these have to be treated for disease if any appears. There 
should be arrangement for regular inspection of nurseries and granting of certi- 
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fication of health for nursery stocks by a competent authority and the certificate 
should be produced at the time of sale of plants. The public should be advised 
not to buy any plants from an uncertihed nursery. For certification work, the 
teachers of plant pathology in the Universities could easily co-operate with the 
Government Agricultural departments. Thus not only the wither-tip disease of 
the Citrus but many other diseases could be effectively controlled. 

Mention has already been made, in a previous chapter, about the encouraging 
results obtained regarding the effect of stock on scion in resisting wither-tip disease 

of Citrus. 

Summary 


Spraying tests, mcluding trials of proprietory mixtures and the effect of ma- 

uuriug a>iid gboratioiij doscribod- 

Systematic spraying with the following fungicides for the control of wither- 
tip and other associated diseases was done in selected orchards m Lahore and 
Nurpur :-Bordeaux and Burgundy mixtures, Ammoniacal copper carbonate, 
Home-made lime sulphur, Sulfinette, Cooper’s fungicide, Arboretas Wash, etc. 

Bordeaux mixtures proved most effective but as it may often be washed away 
during rains, Bordeaux with ferrous sulphate as a sticker has been successfully 
used md it also helps to reduce chlorosis of the leaves found in many orchards. 
In many orchards sooty moulds cause trouble in addition to wither-tip and other 
diseases. Experiments with combined spray mixtures have given satisfactoiy 
results. Bordeaux-oil emulsion, Bordeaux with Rosm and Bordeaux-rosm with 
nicotine sulphate have given excellent result. 

Spray mixtures should not only be cheap and easy to prepare but also must 
not contain ingredierts which may be objectionable ^on religious gro^ds 
Manuring and aerating improved the general conditions of the plants but did not 


prevent the disease. 

Nursery attacks are very serious and control has been discussed un(fer the 
following heads propaganda in nursery sanitation ; need for mycological 
control, certification of health for nursery stock and advice to growers on simple 

control methods* 
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PLATE XII. 



(a) Photograph of a twig of maltu showing acervuli of G. gloeosporioides 
(slightly magnified), {d) acervulus with dark setae (surface view) (highly 
magnified). (&) Section through an acervulus (greatly magnified), (c) Spores 
(X650). (d), (e) Germination of spores. Note dark coloured appressoria 

produced (x360). (/) Spores formed in a hanging drop culture (x350). 












Fig. 4. ko^xY^i oi 0 , gloeosporioidef: 
on citrus leaf produced by artificial 


Fig. 2 A santra tree almost dead 
owing; to attack of C. gloeosporioides. 






Figs. 1, 2, 3, 4. Growth character of a strain of 0. gloeosporiodies on four different media. (x2/3.) 
Figs. 5, 6. Four different strains of 0. gloeosporioides inoculated at four different points of the 
Petri dish. 


Note the space of ayersioUj white line of av'ersion and complete fusion in different cases. (x7/9). 
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PLATE XVIIL 



SOOTY MOULD OP 

Pigs. 1 and 2, Capnodium citrL 

1. (a) Hyphae. Note some are segmented. (x480.) (6), (c), {d). Pyncidia and spores (x350). 

2. Spores of Triposporium form (x350). 

Pig. 3. Spores of Acrothecium lunatum (X610). 

Pig. 4. Spores of Alter7iana citri {x610). 

In (a) hypHae being formed from each segment of the spores. In (b), (c) and (d) spores 
are being formed in chains. 

Pig. 5. Gladosporium herbarum Ya.T. eitricola Branching conidiophores bearing conidia. 

Pig. 6. Pleospora herharum, a-d ( X 450} germinating ascospores. 

Pig. 7. Chaetomium sp. (a) Perithecia (xl25), (b) ascus with ascospores (x650)j (c) ascospores (X650). 
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In 1933 powdery mildew was observed on a single vine of DolichoS' lablab L. 
in the grounds of Fergiisson College in Poona. In general chaiacljeristicB the 
fungus showed a close resemblance to Oidiopsis taurica (Lev.) Salm., which is a 
common parasite on a variety of plants in tlie Bombay^ Presidency. Tlio eonidia 
of the Dolichos fungus, howevei, were of unusually large size, and this charaetier 
seemed to separate ii from Oidiopsis taurica. The results of a study of ihis fungus 
are briefly described in the following pages. 

Pathological effects of the fungus on the host 

In general, the pathological effects piodiieed by the fungus on Dolichos lablab 
are very similar to those produced by Oidiopsis iaiirica on cluster bean, Cyamopsis 
psorahides DO. The fungus forms on Ihe upper surface of the leaves dull red 
spots, which are irregular in outline and are limited by leaf veins. On the iiiider- 
surface of the leaves, white powdeiy patches of mildew are observed correspond- 
ing to the extent of the spots. The leaf dries up in the infected region, but in some 
cases the local discolouration associated with separate infected areas may become 
obliterated in the general invasion and the consequent drying up of the whole 
leaf. The affected plants are defoliated. 

( 110 ) 
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PLATE XX. 



A. Transverse section of an affected leaf of DoUchos 
lablab showing endophytic mycelium ramifying in the inter- 
cellular spaces and in the sub-stomatal vesicles, and sending 
globular haustoria into the mesophyll cells. B. Portion 
of an affected leaf showing external mvcelium, which 
possesses appressoria-like structures. C. Conidiophores emer- 
gmg m fasicles through a stoma and bearing on their ends 
a single conidium. D. Branched conidiophores. External 
mycelium arising as lateral branches from the main axis of 
conidiophores. E. Conidia of Oidiopsis taurica var. macrospora 
showing range of shapes and sizes. F. Conidia of OUiopsi^ 
taunca showing range of shapes and si^es» 
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MobFHOLOGY of the FHNGtrS 

The fungus at first is wholly endophytic. The m 3 ^celium lamifies in the 
inter-celhilar spaces of the spongy and palisade parenchyma, and sends into the 
mesophyll cells small globular haustoria. The hyphae are septate and tortuous, 
and are abundant just below the epidermis and in the sub-stomatal vesicles. The 
epidermal cells are not invaded by the fungus (Plate XX, A). 

Prom the internal mycelium, conidiophores arise and emerge singly or in 
fasieles through the stomatal apertmes. The conidiophores are septate, some- 
times simple, but more often branched, and are variable in length measuriiig up 
to 280 (jL. They bear on their ends a single conidium. Prom the main axis of 
the conidiophores, lateral branches sometimes arise and spread indefinitely, forming 
the external mycelium (Plate XX, C and D). The hyphae of the external my- 
celium aJso emerge through the stomata, and in the later stages of the conidial 
phase, the mycelium is persislient, efiused and often densely compacted, giving 
the appearance of white mealy gi owth. Sometimes short conidiophores may arise 
from the external mycelium (Plate XX, D). No lia,ustoria are sent into the 
epidermal cells from the external mycelium, which nevertheless possesses structures 
similar to appressoria on the superficial mj^celium of ectophytie powdery mildews 
(Plate XX, B). The external mycelium also forms feeding branches, which enter 
through the stomata to obtain nourishment from the inside of the leaf. 

The Gonidia are extremely variable in shape and size. They are sub-cylindrio, 
often more or less sub -acuminate towards the apex, or irregularly shaped with 
the middle part of the spore swollen or constricted, single-celled, and measure 
47 to 111 p. X 10 to 34 pL (Plate XX, E). The conidia germinate by the forma- 
tion of hyphae, which enter the host through the stomatal apertures and send 
haustoria into the mesoph^dl cells of the leaf. The germ-tube forms appressoria 
like the external mycelium. 

The perithecial stage of the fungus was not found. 


CkOSS-INOCULATION EXPEBIHEXTS 

Cutiously enough, the fungus on Dolichos lahlab has been observed in natiue 
on one or two vines only, and extensive search has failed to reveal it elsewhere. 
Evidence has been obtained that Oidiopsis tmirioa is highly specialised in its 
paiasitism, and it is therefore difficult to determine whether the larger size of the 
conidia of the fungus on Dolichos laUab is due to the host influence. The sudden 
appearance cf Oidiopsis on Dolichos lablab esbxmot be explained at present, and 
the work on host specialisarion in tmrica, the results of which will be 

reported elsewhere, has also given no indications of the presence of any bridging 
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hosts. The fungus on Dolichos laUab, however, is capable of infecting this host 
under all conditions. The results of some cross-inoculation expiyriments are 
summarised in Table I. 

Table I 


Summary of results obtained by inoculating different hosts tvUh conidia of Oidiopsis 
taurioa and of 0. taurica tm\ maorospora 


Hosts inoculated 

Conidia taken from 

Dolichos 

lablab 

Cyamopsis 
psoraloides \ 

Oirnlls 

cornicuUita. 

\ 

1 

( Euphorbia 
j gmicnlaia 

f 

1 

Dolichos lahlah 

*5/4 

14/0 

5/0 : 

8/0 

Cyamopsis psoraloides . 

7/0 

13/11 

5/0 : 

9/0 

Oralis corniculata . 

2/0 

o/O 

' 5/3 

8/0 

Euphorbia geniculata 

2/0 

9/0 

3/0 

9/7 


* The numerator represents the number of plants inociilatetb am! the denominator 
tlie number of plants infected. 


Taxoi?om¥ 

Salmon [1906] emended the genus Oidiopsis of Scalia to include those members 
of the Erysiphaceae which are chracterised by their completely endophytic habit 
during the eaily part of the conidial phase and produce branched conidiophoreB 
emerging singly or in bundles through the stomata. The fungus then known as 
Erysiphe taurica L^y. was transfeired to this genus as Oidiopsis taurica (Lev.) 
Salmon, This species shows a wide variation in the size and shape of conidia and 
has been recorded on a large variety of host plants. The shape of the conidiiim, 
however, is often sufficiently constant and distinctive and does not very as widely 
aj> the size. 

As has been pointed out above, there is no evidence to show that the size 
and shape of the conidia of Oidiopsis taurica is affected to any appreciable extent 
by the host, although, as suggested by Salmon [1906], it seems jJrobable that the 
variation shown by the conidia may be due to their position on the conidiophore. 
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The wide variation exhibited by the eonidium is nevertheless sufficiently constant 
to make the fungus 0. taurica easily recognisable. Salmon [1906] has, however, 
recognised a variety, 0. taurica var. lanuginosa (Teckl.), on the basis of variation 
in the shape of the eonidium. 

Although the oonidia of the fungus on Dolichos lablab fall within the lange 
of normal form in shape usually encountered in Oidiopsis taurica (Plate XX, 
E and E), their size presents a feature most sharply distinguishing the Dolichos 
fungus. Eig. 1 and Table II will show that the oonidia of Oidiopsis on Dolichos 
lablab aie substantially longer than those of 0. taurica, although there is not much 
difference in vidth. The oonidia of the Dolichos fungus measure from 47 to 111 
(A in length, whilst the range of length of the conidia of 0. taurica as given by Salmon 
is from 32 to 82 p. 
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Table II 


Compamlivc viemwements of aniidia o/Oidiopsis tamioai on Cyamopsia psoraioides 
and of 0. tauiiea var. macrospora on- Doliclios lalilaii 



Length 


I Width 

Classes ill [x 

Number of conidia 
in 400 

Classes 
in fx 

Number of conidia 
in 400 


Dolichoa 

lablah 

Gyamopsis 

psoraioides 


DoUekos 

kihlah 

! (hjmnof^sls 
} psoraioides 

39 to 4G* 9 

0 

2 

4 to 9- 9 

■ 

6 

0 

47 to 54*9 

4 

115 

10 to 15-9 

54 

123 

55 to 62* 9 

10 

127 

16 to 21- 9 

271 

.277 

63 to 70* 0 

67 

153 

22 to 27-9 

07 

0 

71 to 78*9 

77 

2 

28 to 33 -9 

2 

0 

79 to 86* 9 

168 

1 




87 to 94*9 

46 

0 



« . 

95 to 102*9 

17 

0 

i 


* . 

103 to 111 

11 

0 

! 

" 1 



Diagnosis 

The Doliokos fungus differs from Oidiopsis Umrica in bhe length of fclie e(»ni- 
dhim, a character Avhich is coiisfomt and sufficiently distimstive to justify its 
separation as a variety. Tlie name proposed for the new variety is inrended to 
lie descriptive of the large size of its •conidia, thus emphasizing the imjiortaut 
diagnostic character of the fungus. 

Oidiopsis taurica var. macrospora var. nov. 

External mycelium hypophyllous, usually peisistent, effused, densely com- 
pacted, white. Inteinai mycelium ramifying in the inter-cellular spaces bof ween 
the mesophyll cells and .sending into these cells small globular haustoi ia. 
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Conidiophores septate, sometimes simple, but more often branched, emerging 
singly or in bundles through the stomata, measuring up to 280 p., beariog single 
eonidium on the end, also arising from the external mycelium, which possesses 
short appressoria-like structures. 

Conidia extremely variable in shape and size, sub-eylindric, often more or less 
sub-acuminate towards the apex, or irregularly shaped with the middle part of 
the spore swollen or eonstrioted, single-celled, measuring 47 to 111 p X 10 to 34 p, 
germinating by hyphae which enter the host thi'ongh stomata and send haustoria 
into mesophyll cells of the leaf. 

Attacking leaves of Dolichos lablab L., on the upper smface of which producing 
dull red spots and mealy white growth on the lower surface in areas corresponding 
to the spots, the leaf later drying up in the infected region. On one or two plants 
in the grounds of Fergusson College in Poona. 

Type material deposited in the herbaria of the College of Agriculture, Poona, 
and of the Tmpeiiai Mycciogical Institute, London. 

Summary 

The fungus causing powdery mildew on Dolichos lablab has been described 
as a new variety of Oidiopsis iaurica, from which it differs by the large size of 
its conidia. The name proposed for the Dolichos fungus is Oidiopsis taurica vai'. 
macrospora. The fungus produces dull red spots on tire irpper surface of the 
leaves of Dolichos lablab, the corresponding areas on the lower surface supporting 
white mealy fungus growth. This fungus has been observed on one or two plants 
only of Dolichos lablab in Poona. 

' The writers gratefully acknowledge the help received from Mr. S. F. Ashby, 
Mycologist, Imperial Mycological Institute, London. 
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(With Platen XXI and XXII) 

The foinily Leguinim^sac contains nearly twelve tlioimnd species, distributee! 
all over the ea.rtli. OonBidering the large lunnber of its sp{s^i(ss and tlieir economic 
irn|K)rtanee very little cytologieal and genetical work lias as ^'et been oaiTied out. 
Herliaceous plants of this family are commonly used a,s gremi manures and 
Chvtalarki jnncea Linn* is one of tlieni. Grotdam fimcea Is alsii one of the 
irn|>ortant filire-yiekling plants. 

Miceosforogbnesis 

The development of the pollen gmins witli reference to synizf^sis aivi chromo- 
some conjugation in the family Ijegiiminosae Itas I’eceived very little attention from 
eytologists. Latter [1026] worked on Lathyrtfs odoratus and suggested a telosy- 
naptic method of chromosome conjugation. Her obs^^rvations hav<^, liowman*, 
been criticiBed later by Maeda [1930], Weintein [1026] worked out the cytology 
of Phaseolus vulgaris. He found tlie close approximation of two tlu*eads in late 
proj>hase. The segmentation of these tlireads gave rise to tlu^ bivalent cbronio- 
sonies. Sethi [1030] working on Cassia dulymohotrya found spirenu^ to bo 
connected with the nucleolus and suggested a transference of material from tlu^ 
latter to the former. Reeves [1930] has worked out recently the microsporogeuesis 
ui Medicago saliva. 

A comprehensive account of the chromosome mimbor belonging to plants of 
this family has been recently given by Tischler [1931], The chromosome number 
of C.juncea has been determined by many workers. Ramanujam, Par tha swarthy 
and Ramiah [1933] found eight to be tJie haploid number in four species of 
Crotalana. Datta [1933], however, reports ten as the haploid numbm* in Crolalaria 
juncea- 
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Material AND METHODS 

Plants for this investigation were grown in the College experimental garden, 
and flower buds of various ages were fixed in the field on bright sunny days. 
Fixation between 12 noon and 4 p.m. gave best results. To facilitate the pene- 
tration of the fixing fluid an exhaust pump -was used at the time of fixation, or 
the material was first clipped in acetic alcohol (1 : 2) for a short time before immer- 
sion in the fixatives. A number of fixing fluids were tried, but satisfactory results 
were obtained from flower buds fixed in Allen’s modified Bonin’s fluid. The 
material was dehydrated, cleared and embedded in paraffin in the usual way. 

Microtome sections were cut of various thickness ranging from 8 to 16 
according to the object of study. Sections were stained chiefly in Heidenliain’s 
Iron-alum haematoxylin with or without a counter stain. Newton’s Iodine 
Gentian violet stain was also used. 

The resting nhcleijs 

The last premeiotic division takes place rather rapidly, and in the same 
loculus preparatory stages for meiotic division and the resting pollen-mother cells 
can be observed. In the resting stage the pollen- motlier cells are polygonal in 
outline and are closely compressed inside the anther loculus, there being no inter- 
cellular spaces. Each cell is bounded by a thin wall and is filled with finely 
granulated cytoplasm without vacuoles or dark staining bodies. The nucleus 
occupies more or less the central position. 

The resting nucleus of the pollen-mother cell is nearly spherical in outline 
with a hardly distinguishable miclear membrane. A large globular, deep staining 
nucleolus with a perinucleolar hyaline zone, occupies the central position. The 
hyaline zone is hardly traversed by peripheral granular strands (Plate XXI, fig. 1). 
The invariable occurrence of the perinucleolar hyaline zone, even in well-fixed 
materifri gives little support to McClung’s [1929] contention that, it is due to 
the shrinkage of the nuclear contents away from the nucleolus because of the 
inadequate fixation of the karyolymph. 

Heterotypic pbophase 

The activity of the nucleus starts with the appearance of a faintly staining 
granular reticulum, at the periphery (Plate XXI, fig. 2). The reticulum 
gradually becomes coarser and the nucleolus also increases a little in size 
(Plate XXI, fig. 3). 

LePTONEMA STAGE 

The reticular condition is directly followed by the leptoncraa stage in which 
the network resolves into a fine continuous thread of gmnular appc^arance and 
is sx^read iiniformly throughout the nuclear cavity (Plate XXI, fig. 4). The x>eri- 
imcleolar hyaline zone so far distinct is now lost sight of. No doublenoss of the 
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thread nor any free end is observed at this stage. Some deep staining dots are 
always seen in association with the thread. These are slightly bigger than the net- 
knots which are formed by the crossing of several threads e.t a point, and cannot 
be considered as such. Their sudden appearance at this stage and disappearance 
abruptly in synizesis leads one to believe that their presence is due to somf,:- in eta, - 
bolie changes taking place in the protoplast at this stage. 

Synizesis 


The first indication of synizesis is seen by the withdrawal of the threads from 
the periphory towards the centre. The network gradually conti^aets mil form ly 
from one side of the cell to the other, while the nucleolus retains its origma.l posi- 
tion (Plate XXI, fig, 5). The entire netwoiiv passes to one side of nuclc^olus 
and remains as a contracted mass along the nuclear membrane without closing 
the nucleolus in its meshes (Plate XXI, fig. 6). It is not clear how the uueleolns 
escapes out of the reticulum and comes to lie at one side of tlie synizel ie knot. 
It is too big to pass tlirough its meshes and too viscous to filtis*e<l iiirough the 
net. Posslrlly the thread separates into two pai’ts to allow the nuc'h^oliis i-o 
but in the absence of corroborativo evidence it is difficult to say a.u\'i.h,ing dihlnitffiy. 
The relative ])osition of the nucleolus and the synizetic knot rema/ms the same. 
The separation of the thread from the nucleolus is never cr^mjjlete a.nd the knot 
is not a tight one, but is rather loose and the thread con be traetHl for a, eonsifler-' 
al>le distance before It becomes obscure (Plate XXl, fig. 7). 

The later prophasic changes cleaaly show that chromo.somc pairing in this 
case is typicall}^ telosynaptic and so the actual siguificancf* uf synizi^sis as defined 
by parasynaptists '"the closer association of the homologues liy fheir rcntrrange- 
ment does not hold good here. But the synizetic knot in tliis case caniM^I: be 
considered to l>o an artifact caused by the coagulation of the karyolymph as 
^^^l?g^^ted by McCIung [1929] or by its plasmolysis as Ohodat [1929] Huggt^sts, 
since all the materials properly fixed with different fix<itivos present tlu? same 
appearance of the synizetic knot. Sargant [1897] noticed the inva,rla])li^ presence 
of this stage in well-fixed material and even in livin.g material. Though synizesis 
seems to bo an essential stage through which the spireme ])aBseB in moiosis, its 
a(^tual significance in some cases is open to question, and its absouce again in 
some species of Oenothera is peculiar and challenges the es.sentiabty of sudi a 
stage. 

Open spireme 

Tlio contracted spireme opens out gradually by throwing irregular loops 
towards the distal end (Plate XXI, fig. 8). The thread is rather uniform in 
appearance, but very alendei* and does not stain deopl}^ Following ihis stage 
the pollen-mother cells gradually lose their polygonal shajie and round oft*. When 
the synizetic knot is fully unravelled it fills up tlui entire nuclear cavity. 4 
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typical hollow spireme results and the thread is disposed inside the nueleus in 
large irregular coils (Plate XXI, fig. 9). Xo free end of the thread (except the 
cut ends), nor their dual nature is clear at this stage. Whenever free ends are 
seen they are invariably at focal extremes suggesting them to be out ends of a 
continuous spireme, the remaining segments in the consecutive sections justifying 
this contention. 

Pachynema 

The thread thickens up by contraction and the loops become more conspi- 
cuous (Plate XXI, fig. 10). The loops are so wide that it is difficult to count 
their number accurately, but careful observation shows that they do not exceed 
the haploid number of chromosomes of the plant. The continuity of the thread 
is very clear, no free ends being visible, and it is uniformly thickened all through. 
The nuclear cavity is very much expanded and the mother cells round off com- 
pletely and become mostly independent of one another. 

Second contbaction on brochonema 

The spireme gradually condenses and the number of loops become distinct 
(Plate XXI, figs. 11 and 12). As far as can be made out the loops are continuous 
with one another. The number of persistent loops is the same as the haploid 
number of chromosomes, suggesting as if each loop is composed of a pair of chromo- 
somes joined end to end. The folds of the thread forming the loops lie mostly 
about the nucleolus and when not so, the central knot is not too far away from 
it. Further condensation of the thread produces a characteristic orientation of 
the loops. It appears as if the loops are radiating from the centre where the 
nucleolus is situated. 

The loops twist in various ways turning through different angles round their 
own axis. The nodes or chiasma so formed by the twisting of the loops suggest 
at once as if they bring about an interchange of genes between two components 
of a pair of homologues, which is otherwise insufficient by their union at one 
place at the end. This interpretation gets more support due to less number of 
nodal regions in the smaller pair, where in comparison with their smaller size only 
one point of union is sufficient for the interchange. The number of chiasma so 
far obtained is a constant character for a particular pair. 

Early diakinesis 

Further contraction of the spireme leads to the segmentation of the loops 
from the knot but the actual mechanism of this process is laot clearly understood 
(Plate XXI, fig. 16). Some of the loops which lie away from the- knot are seen 
still to be connected with it by a fine strand of dark staining material (Plate 
XXI. fig. 15), and if this strand be taken as a part of the true chromosome-forming 
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Biibstaiice wliieli is dra.wii into its total coin].:)Ositioii after WcOjis, tlien tlit‘ nieelia- 
itisiii of breaking can be explained as due to the eontraj'iicai of I he (‘lirouiatiii 
ofoeeh loop separately from the knot, and tlio gioiuid nmtrix ui'tiu* <-hroiiinsorju‘S 
is left- over forming the eoiineetiiig link. This link givei', \\a,y iedia* l)riiig li^ss 
tenacious and thus the separation of the h:H)f)s is bi’ouglit a-bout-. This view 
gets support from the evidence obtained in tJie lato-diakiLcl it* sla,gi's uiuT:e i!liro- 
matin of each chromosome contracts leimng a liyaiiiic i-onutM-tinu at the ti|> of 
the previous loop, and therefore it can be vSiiggc%st(‘d (he scgmeisia-iiou of the 
spij'eine is due to the eoiuiensation of the {hromaJin ol‘ tlu* lucnnluumis ]>a.ir 
viieriN'is the sepaiution of the homologues is by tJic, coni r;!,cri(u)i of the imlis'ldiiai 
chrmnosomes. If on the other liaud tlie tlihi slrsiid be eriu-idcred u.> uni- taking 
any essential part in the formation of the cliromos.oriics but luiter iU^solva^s lively 
in nuclear cavity, then the meehomihm of segnu nialirm of tiu ieu]>s ea-r,. be 
considered from a different point of view, rL^^, the dissolution of the cliromatin 
of each loop) near the knot. Tiiis transfere^iict' (;f chromatin mattnial from the 
chromosomes to the karyolymph is evidenced by tlie liict that llu’ nuctear i*a\dty 
now contains some deep) staining materiaL But the simuitaiKsms <.)cciuTViiC{‘. of 
si.:milar deep staining bodies in tiie .cytoplasm goes agfiinst this view (.Plate X,X.I, 
figs, 14-18). 

Diakinesis 

W'lien the segmentation of the loop>s is eompilete, sepa.ra.te piairs lie seat* 
tered in the nueh^ar cavity. The two arms of each loo]) separate out and they 
a])]K\‘u* to be rcry much thickened. Tiie two free ends ofea.eli so far quite 
a]>art, now eoiiie to lie closer together, causing them to appear as rings or iiguro 
8, Besides thcr forms 0 and 8, they often assinue the of V and Y (Plate 

XXi, figs. 17-19). The figure 8 form may be due to the twistiiig (if the rungs 
or due to tlie unfolding of the primary twists of the loops. The difFer-(mt pairs 
can be classified according to their lengths even at this stage of condensat ion, and 
this gives the graphic formula 2/S +5Jf 

I'hirthor condensation of the individual chromosomes of a Jiomologous pair 
throws much light on their mode of conjugation. Idici cliromrd.iu of each, pair 
contracts witli a definite sequence from the point of union of the two iKunologir s 
lca\ iug a hyaline zone at the tip of the loop suggesting tliereby that the paternal 
and the maternal chromosomes are joined end to end and tlnar point of union 
is at the tip of the brochonema loop)S. 

Plate XXI, fig, 18 shows some of the chromosomes with hyaline zone at the 
point where they arc attaclied to their homologues. Tills shows that the chro- 
mosomevs are composed of two substances : the basoi)hilic chromatin and anotlw-r 
hyaline ground substance which most probably forms the dispersion medium. 

The two arms of the bivalents thus break apart at their point of union and 
the two components either lie in a ring or side by side in close approximation 
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The deeply stamed unclear and cytoplasmic bodies, wMob were at first noted 
in the early-diahiixetic stage and were present so far, now disappear from all parts 
of the cell. . 

Spindle formation 

, The nuclear membrane disappears abruptly before any spindle fibres are 
noted either as polar caps or inside the nuclear cavity; It is clear that the nuclear 
membrane becomes gradually thinner in the late-diakinetic stage. With the 
disappearance of nuclear membrane the scattered chromosomes clump together 
in the centre surrounded by a hyaline zone. This hyaline area is somewhat 
coarser and striated, suggesting intra-nuclear origin of spindle fibres (Plate XXII, 
fig.20). 

The components of a homologous pair establish more intimate contact and 
no clear space is evidenced in between them, but they still retain their rod-shaped 
structure. Xo multipolar spindle is observed. The spindle when first noted 
shows the fibres arranged in straight rows (Plate XXII, fig. 21), but when its 
bipolar nature is completely established, some of the fibres appear to be consider- 
ably thicker, specially towards the poles. They are fewer in number and their 
actual attachment to the chromosomes is not clear. The spindle formation 
is so , rapid that stages from diakinesis to heterotypic metaphase are observed 
in the same loculus. 

Heterotypic mbtaphase 

The gemini which clumped in the centre of the nucleus separate out and 
their bivalent nature is apparent even in their maximum stage of condensation. 
Polar view of an equatorial plate shows eight such bivalents indicating thereby 
that the haploid number is eight (Plate XXII, fig. 23). The spindle now shows 
distinct polarity and the converging fibres meet at two sharp points. The biva- 
lents are arranged lengthwise along the equatorial region of the spindle with 
each component towards each pole, the constriction between them being in the 
centre (Plate XXIT, fig. 22). The nuclear zone formerly unoccupied by the 
cytoplasm and so long distinct is now encroached upon by the cytoplasm. But 
the cytoplasm surrounding the spindle remains less dense than the peripheral 
zone of the cell. 

Heterotypic ANAPHASE and telophase 

The constriction of the bivalents in the equatorial zone of the spindle now 
becomes more prominent and well-marked split appears (Plate XXII, fig. 24). 
The chromosomes now disjoin and the univalents, spherical in shape, move to- 
wards the poles. Their movement to the poles is not very regular, one chromo- 
some belonging to each haploid set moves earlier (Plate XXIIf figs. 25 and 26) 

R 


INDIAN JOUENAL OF AGRICULTURAL SCIENCE 


[VI, T 


and readies the pole before the rest (Plate XXII, %. 27). In some ca,s(^s one 
or two chromosomes care seen to lag behind the rest. When the (diromosemes 
reach the poles, they clump together and their individuality catuiofc hi^ made 
out (Plate XXII, fig. 28). 

Before the disapxiearance of the spindle fibres, the cliroinosonies get s(‘p:u‘aied 
from, one another and look distinct in a telophasic plate (Idato XX IF, figs. 29 
and 30). The homotypic split of the univalent chromosomes which could not 
he made out even in the late anaphase now appears all on a smlfliui and in some 
the split is quite apx3arent. 

In late telophase the spindle fibres completely disappear but n lino cyto- 
plasmic zone is left round about the polar region. The S])lit becomes complete 
and the dual nature of each univalent chromosome is evident. ^rf)'-'t of the 
univalents have the two split-halves lying side by side or in the form of a cross 
(Plate XXII, fig. SI). In the latter case this is probably due to the separation 
of the two halves from one another at two ends, being connected orly at the 
central region, so that one half swings across the other approximately at right 
angles to it. Previous to this, when the split was not eomplete but the dual 
nature was prominent, the constriction appeared to be transverse, due ])robably 
to the extreme condensation of the chromosomes. This apparent transverse 
constriction cannot be otherwise interpreted, because of the spherical nature 
of the univalents at this stage. It is a well-known fact tliat the plane of divi- 
sion of a sphere is always transverse. But from the relative sizes and parallel 
association of the components of the univalents, it is clear that the split is a longi- 
tudinal one and not transverse. 


Tnterkinesis 


A clear zone appears surrounding the chromosome region ; most probably 
this is due to the deposition of the nuclear sap ; and the .tiudear membrane 
appears simultaneously with the appearance of the nucleolus. The size of the 
nucleolus is very small at this stage. The cliromosomes elongate very much, 
sending out chromatin strands which intertwine and anastomose freely between 
them (Plate XXII, fig. 32). The chromosomes do not resolve into complet© 
threads and their number can be easily counted, though they do not retain th^^ir 
original form and their double nature is indistinct. 

HomOTYFIC DIVISION 

Before the formation of the homotypic spindles the nnclear membrane 
becomes thinner. Very faint fibrillar, structures appear in between the chromo- 
somes, suggesting intra-nuclear origin .of the homotypic spindles (Plate XXIT, 
fig. 34). The nucleoluE is not clearly seen at this stage, due to clumping of the 
chromosomes,. Later the membrane disappears completely and the chromosomes 
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become distinct from one anotiier. No trace of the nucleolus is observed. The 
homotypic spindles are always bipolar but their space relationship is very vari- 
ablcj they may lie parallel or at right angles to each other (Plate XXII, figs. 35 
and 36). 

, The univalent chromosomes in a homotypic equatorial plate appear mostly 
as crosses and a few as V or Y (Plate XXII, fig. 36). The appearance presented 
at this stage is very similar to that observed in the late telophase before the or- 
ganisation of the inter-kinetic nucleus (Plate XXIT, fig. 31). 

The chromosome halves, already split, move apart and reach the poles very 
quickly. The chromosomes now appear spherical without any split or constric- 
tion and all of them do not move to the pole with the same .velocity, some moving 
earlier and some lagging behind (Plate XXII, fig. 37). 

Spindle fibres do not disappear until the individual chromosomes in the 
telophase get separated from their aggregated condition formed in the early 
telophase (Plate XXII, fig. 38). A polar plate* of this stage shows the appearance 
of constriction in the chromosomes (Plate XXII, fig. 39). This split is a prepara- 
tion for the first division in the microspore. 

A clear zone appears in the polar region due to the deposition of the nuclear 
sap, and the nuclear membrane appears simultaneously with tJie appearance 
of the nucleolus. No spindle fibres nor any trace of them are observed at this 
stage. The chromosomes resolve into chromatin threads but not completely 
until cytokinesis begins. Thus the tetrahedral arrangement of the grand- 
daughter nuclei is established and an examination of a large number of such 
stages shows that this is not always due to the decussate aiTangemen-t of the 
spindle fibres. 

The nucleus gradually increases in size and the chromosomes anastomose 
with one another sending chromatin strands in all directions. They lose their 
deep sta,ining property and the appearance of such anastomosis is an indication 
of the formation of a resting reticulum. 

Cytokinesis takes place by the process of furrowing. The microspores are 
liberated by the dissolution of the thickened mucilaginous layer. The mature 
pollen grains are somewhat elongated and uni-nucleate> The pollen grains of 
the linear and globose anthers are similar in shape and size* 

StTMMAKy 

1. The resting nucleus of the poUen-mother cell shows a granular zone along 
the peripheral region and a hyaline perinucleolar area. 

2. The spireme remains granular in the leptonema and synizetic stages. 

3. The spireme is continuous all through. No longitudinal split or paralle- 
lism of threads has been observed. 

4. Brochonema loops are equal to the haploid number of chromosomes. 

k2 
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5. Biakinesib is normal and the bivalents exhibit the following forms 

V, 0, X and Y. In the late diakinesis the components of each homologous pair 
contract leaving a hyaline connection at their point of union. 

6. Some deeply staining bodies occur in early-diakinetic stage simultane- 
ously both inside and outside the nucleons. These disappear in the late diakinesis^. 

7. Absence of parallelism of the leptonema and pachynema threads, the 
typical brocbonema stage with the loops equal to the haploid number of chromo- 
somes and the separation of each loop into two univalents suggest that the method 
of chromosome pairing is telosynaptic, where the paternal and the maternal 
chromosomes are jomed end to end in the spireme. 

8. The heterotypic metaphase is normal. In anaphase two chromosomes are 
«een to move faster than the rest, one to each pole. 

9. Polar view of an equatorial plate at heterotypic metaphase shows eight 
(bivalent chromosomes. 

10. Homotypic split is first noticed in heterotypic telophase and the split 
is so complete that the chromosomes appear in the forms of X, V or Y. 

11 . There is a very short interphase between heterotypic and homotypic 
divisions. 

12. The origin of both heterotypic and homotypic spindles appear to be 
intra-nuclear. 

13. Homotypic division is normal. The space relationship of the spindles is 
variable. 

14. Cytokinesis takes place by furrowing. 

15. Mature pollen grains are uni-nucleate and lie scattered in the loculus. 
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Explanation of Plates XXI and XXII 

' 1 ' ' .... 

^ The figures were drawn with the aid of a Camera lucida at table level. The 

magnification of each of the figures is 2,400. 

Plate XXI 

Fig. 1. x4. resting pollen-mother cell with a granular peripheral zone and a hyaline 

perinucleolar zone. 

Fig. 2. Very early prophase ; early indication of thread formation is evident. 

^ Fig. 3. Advanced reticulum. 

i Fig. 4. Leptonema. Thread single and univalent. 

Fig. 5. Early synizesis. The reticulum contracts from the nuclear membrane. 

Fig. 6. The massing of the reticulum to one side of the nuclear cavity. 

Fig. 7. Typical synizesis. 

I Fig. 8. Loosening of the spireme after synizesis. No indication of the granular 

appearance of the thread remains. . # 

Fig. 9. Hollow spireme. 

Fig. 10. Pachynema. 

Figs. 11 & 12. Second contraction. Eight radiating loops are seen. 

Fig. 13. The eight persistent loops of the previous figure are drawn separately, 
showing the position of each with regard to the central nucleolus. 

Fig. 14. Later stage of second contraction. 

Fig. 15. Segmentation of the loops to form the bivalent chromosomes. 

Fig. 10. Early diakinesis. 

Fig. 17. Diakinesis. 

^ Fig. 18. Contraction of the individual chromosomes of the gemini resulting in the 

partial separation of the univalents. 

Fig. 19. Side-by-side association of the homologiies after their separation (composite 
drawing from two sections). 



Plate XXII 

Fig. 29. Alignment of the chromosomes in the equatorial plate prior to the forma- 
tion of the spindle. The nuclear membrane and the nucleolus have com- 
pletely disappeared. 

Fig. 21. First appearance of the bipolar spindle. 

Fig. 22. Heterotypic metaphase. 

Fig. 23. Polar view of an equatorial plate showing “ eight ’’ bivalent chromosomes. 

Fig. 24. Early anaphase. Note separation of the univalents. 

Figs, 25 & 26. Anaphase. Note early migration of a single chromosome to each 
pole. 

Fig. 27. Late anaphase. Two chromosomes stand out separate at the poles. They 
have reached earlier. 
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Telophase. 

Separation of the individual chromosomes at telophase. 

Polar view of a telophasic plate. Appearance of the homotypic 
the chromosomes just apparent in this stage. 

Late telophase. Components of univalents appear mostly as crosses, 
Interkinesis. Note the drawn out condition of the chromosoines. 


RESEARCH NOTE 

EFFECTS OF BROWN RUST ATTACK ON WHEAT 

BY 

B. P. PAL, M.Sc., Ph.D., F.L.S., 

Second Economic Botanist, Pusa 
{Received for publication on 31st October 1935) 

Johnston and Miller (/. Agric. Res, 1934 : 49 : 955-81) studied the efifect 
of brown rust infection on the growth, yield and water economy of Warden and 
Pusa 4 wheats. Physiologic form 9 of brown rust (or leaf rust or orange rust 
as it is alternatively called) was used in these investigations. Pusa 4 is suscepti- 
ble to this physiologic form while Warden is highly resistant to it. 

Seeds were sown in sealed one-gallon stone jars. For each variety there were 
five groups of six jars containing six plants each. One group of each variety 
was maintained to maturity as a rust-free control while the remaining four groups 
of each variety received their initial inoculation with brown rust at the seedl- 
ing, jointing, booting’** and flowering stages, respectively. After this each ino- 
culated group was re -inoculated sufficiently often to ensure abundant infection. 

The data show that brown rust mfection greatly reduced the yield of grain 
in the susceptible variety. The loss ranged from 42*4 per cent when infection 
took place at the flowering stage to as much as 93*8 per cent when infection 
commenced at the seedling stage. In the case of the resistant variety also there 
was some loss in grain yield. The earlier the infection, the greater was the loss. 
The yield reduction was principally brought about by the production of fewer 
kernels per head and, to a lesser extent, by a reduction in the weight of the in- 
dividual kernels. The average yield of total dry matter and straw was also 
considerably reduced in the case of the Susceptible variety, though not to the 
extent of the. grain yield. In the case of the resistai t variety, the reduction was 
small at all stages and probably within the e|^perimental error. 

A striking effect of heavy rust infection in the case of the susceptible variety 
was the marked deterioration of the roots as indicatect by discolouration, loss 
of weight and decrease in the number of fibrous roots. The groups that, were 
infected late showed about the same amount of damage as those mfected early 
in the season. In the case of the resistant variety, however, no deterioration 
was observed. 


* Booting = the stage just before the ears emerge when they are still enclosed 
by the sheath. 
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Hrown iiist iiifoctioii also caiisodl a rodiictioii iii the iiiiBibor of iio^ads and 
Kdiglit of plant, prolonged, tiio time re(][uire(i to reacli full lieadiiig and matin. it3(' , 
and increased the water requirements of plants, in the case ot the susceptible 
variety. Similar effects were noted in the resistant variety too but on a miieli 
smaller scale. 

The interesting and important results of Johnston and Miller summarised 
above lead one to a consideration of the position with regard to brown rust of 
wheat in India. Whereas in the great wheat-growing regions of Canada and the 
United States of America, black rust appears to be the most important rust, in 
India brown rust and j^ellow rust are equally important. In fact in Bihar and 
the United Provinces where the growing period for wheat is comparatively short 
(November-March), experience indicates that black rust generally arrives too 
late in the season to be able to do much damage, and it is the brown and yellow 
rusts which are mainly responsible for the reduction in jdoH. 

As in the case of the other two rusts, physiologic forms of brown rust are 
known to exist, that is to say, strains of the parasite exist which are morpholo- 
gically indistinguishable from each other but which differ in their ability to infect 
different varieties of wheat. Over fifty physiologic forms of brown rust are known 
and the number is increasing as more work in various parts of the world is done. 
In India two physiologic forms— Form 10 and another— have been distinguished 
so far [Mehta, 1933]*. Of the Indian wheats tested, none is resistant to the first 
form but the newer Pusa varie.ies, Pusa 114, Pusa 320, Pusa 125, and Pusa 365, 
are highly resistant to the second form.f Physiologic form 9 with which Johnston 
and Miller worked has not so far been recorded in India. 

The breeding of rust-resistant wheats for India has reccuitly lioen takiui 
up at Pusa and at a sub-station at Simla, in collaboration with Prof. K. 0. Mehta 
of Agra and with the help of a grant from the Imperial Council of Agricultural 
Research. Until Prof. Mehta took up work on this subject, it was not known 
as to what physiologic forms of the three rusts existed in India and although 
some striking successes were obtained, notably at Pusa, previous breeding for 
rust resistance may be said to have been carried on in the dark. Now however 
a definite scientific procedure is possible. A large number of wheat varieties is 
l.eing tested for resistance to the Indian physiologic forms of rust. As stated 
above, none of the Indian varieties yet tested is highly resistant to both the physio- 
logic forms of brown rust occurring in India. Fortunately, however, a few 
foreign varieties are known to be resistant and these will be crossed with the best 
of the Indian wheats with the object of securing a wheat combining resistance 
to rust with other economically desirable qualities. It is hoped to obtain resis- 
tance not only to brown rust but also to the black and yellow rusts. 

* K. 0. Mehta, 1933. Ind. J. Agrio, Sci. 8 : 939-62. 

t K. 0. Mehta — Unpublished data. 




NOTICE 

BIBLIOGRAPHY OF SOIL SCIENCE, FERTILIZERS AND 
general AGRONOMY 

The Imperial Bureau of Soil Science has recently issued a complete Biblio- 
graphy of Soil Science, Fertilizers and General Agronomy covering the whole 
scientifio literature of the world on soil and allied sciences during 1931-1934, 
This extremely comprehensive bibliography gives the reference to practically 
every paper published during that period on the different branches of soil science, 
both pure and applied, on the use of fertilizers, on the cultivation of all the chief 
economic crops (over 140, including forests, are listed in the index) and on plant 
diseases in relation to soils. The references are arranged by subjects according 
to the Universal Decimal Classification, which is adequately explained in the 
Preface. The volume also contains an index to tlie Decimal Classification, a.n 
alphabetical cross-index to every subject on which the papers listed have been 
written, an author index containing over 4,000 names, and a list of the abbre- 
viations used, and the full titles and places of issue (where known) of 800 journals, 
etc., from which the references in the Bibliography have been taken. 

The Bibliography has been compiled from the references which appeared 
in the first 41 issues of the Bureau's monthly lists of “ PubUoations relating to 
Soils and Fertilizers An unusual feature is that the literature of almost every 
country has been covered equally well, thanks to the exceptional facilities for 
procuring foreign periodicals which the Soil Bureau enjoys. Considering its 
scope and the amount of information it contains, the book has been made remark- 
ably compact, without detriment to its readability. It should be a most valu- 
able reference book to every agricultural scientist whose work is in any way con- 
nected with the soil. The Bureau intends to issue further similar bibliographies 
at intervals of 3-4 years, and in this way gradually to build up a complete 
reference library to the whole literature of the soil over an extended period of 
time. 

CrovTCL octavo, pp. 504. Bound in cloth, with gold lettering, price 25/- 
net, post free from the Imperial Bureau of Soil Science, Harpenden, England. 
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RECENT PUBLICATIONS OF THE IMPEIilAI 
AGRICULTURAL BUREAUX 


[AM Piihlicatwm are sent jMst free from the Imperial Bimmi of Soil Seieimq 
1 . Teefrnical Cmwfn iirdmtion 


33. Organic maimres. By S. H. Jenkins. Pp. 64 

2, PiihUeations relating to Soils and Fertilizer 


Monthly lists, with brief abstracts of all current papers an<i j 
indexed by the Bureau. The papers are classilied by subjects, a(‘( 
tlie 'Decimal Cdassifil cation, and the lists are dui)lieated in a e 
form for cutting out the separate entries and filing tliem in an 
required- 

price 10«. per aninun, post free, separate copies each . 


3- Monthly Letters 

These consist of short accounts of outstanding pieces of recent researeli 
and of matters of general interest connected with the Biireavfs iictivities. 
'Tlu'y are sent free, within the British Empire, to all recipients of Publiea' 
tions relating to Soils and Fertilizers. Outside the Empire, or when sold 
separately, a charge of 4^. per annum is made. 

Separate copies, each , . . . . • . . . 


4, Publications on Soil Science issued froin the Empire Overseas 


Bibliographical lists, 1933, 1934, each 


5. Eecent Devehprmnts m Soil Analysis 

A quarterly supplement to ‘ Publications Bolating to Soils and Feriili- 
J containing full descriptions of recently publislu^d analytical methods. 


6, Lists of Re prints available on loan 


No. 1 . . ^ . 

Subsequent issues, each 


paBLiCATiONS OF IMt^EiilAL AGlUCUIiTlJEAL BUREAUX 


lai 




i 






II. ObTA'INABL 33 from THE ImTEBIAU BUREAU OF PLANT GENETICS (FOR OeOPS OTHER 

THAN Herbage), Plant Breeding Institute, School of Agriculture,, Cam- 
bridge 


Journal 


PrioB 


Flmit Breeding Abstracts. Amiiial subscription . . . , . 15*’. 


III. Obtainable FROM THE Imperial Bureau OF Plant Genetic (Herbage Plants), 

Welsh Plant Breeding Station, Agricultural Buildings, Alexandra 

Road, Aberyswyth, Wales 

1. Herbage Abstracts, wliicli appears quarterly, deals witli litera-ture from 
all parts of the world on grassland and forage crop research and practice. 

An effort is made to reduce the interval between the appearance of a paper 
and of its abstract to a minimum. 

2. Herbage Reviews represents the only Journal publis}i(3d in English 
which deals exclusively witli grassland and forage crops. Contributions 
{uid corrosxjondence are welcomed from all investigators on this .subject, 
witli the reservation tliat it is to be understood that no scientific pa]per repre- 
senting tiie results of original (not yot publislicd) rcsearcli can bo considered 
for publication. 

Inclusive annual subscription . . , . . . . . los. 

Single numbers .......... iys. 


IV. Obtainable from the Imperial Bureau of Fruit Production, East Maul- 
ing Research Station, East Malling, Kent 

Journal 

Horticultural Abstracts. — A quarterly abstract publication of current 


liorticultiiral literature. Vol. IV. Annual Subscription . . . . 

Single copy . . . . - . . • • • • 


V. Obtainable from the Imperial Bureau of Agricultural Parasitology, 
Institute of Agricultural Parasitology^ Winches Farm Drive, Hatfieli) 
Road, St. Albans, Herts. 

MelmintJrological Abstracts 


Issued in six parts annually by the Journal of Helminihologg , in- 
corporates abstracts, prepared by the Bureau, of original papers on axjpUetl 
helminthology. 

Subscription jirice for Vol. Ill (19^4), post free . .... 306*. net. 

The Bearing of the Physiology of Parasitic Nematodes on their Treat- 
ment and Control (frost free) . , . . . . . . . 3s. 
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VI. Obtainable from the Imperial Bureau of Animal (Senbtic.s, [kstituti.; up 
Animal Genetics, University of Edinburgh, King’s Buildings, West .Main^ 
Road, Edinburgh 

Journa! 

Prico 

Animal Breeding AhsPract^ (quarterly), commeiieing April Auuuai 

.sul.,),soription . . . v • * ■ • * • • 

Vi I . Obtainable fbom the Jmpebial Bubbaxi of Anibial i iEAi/i.'ii, \''rrrEBiN Ai^^ 
Resbakoh Labobatoby, New Haw, Weybridcib, Si.UiitKY 

Abstracting Journal 

The Veterinary Bulletin : Animal Bubseription ..... lOs-, 

Indexing Publication 

Index Veterinarius tPoxir issues a year. Annual subscription (i)ostage 
f)aid) . . • • ... . . . . . . 8<b’, 

VIII. Obtainable fbom the Impebiaii Bubeaxt op Animaij Nijthuton, iioxv.i5 
Research Institute, Bucksbi bk, Aberdeen 

Journal 

nutrition Abstracts and Beviews : — -Issued under the direction of tlie Im- 
}>erial Agi'icultural Bureau Council, the Medical Research Council and tlic:! 

Reid Library. Subscription ^er Volume of 4 numbers . . . . 21^?. 

Per single number . . . . . . . . . . ri,s‘. r» 

Publications issued by the Imperial Institute of Entomology, 41, Queen’s 
Cate, London, S.W. 7 : — 

Bulletin of Entomological Research 

Publisli(.‘d quart(jrly and containing original articles on ^Bconoinic 
Entomology, issued post-free. Annual subscription (payable in advance) , 5 Kv. 

Bemew of Applied Entomology 

Coiisijiting of abstracts or Reviews of all current literature on. Economic 
Eiuomoiogy tlirougliout the world. Published monthly in two series. 

Series ‘ A ’ dealing with Insect and other Arthropod pests of cultivated 
plants, forest trees and. stored products of animal and vegetable origin. 

Series ‘ B ’ dealing with insects, ticks, etc., conveying disease or otherwise* Si^ries 
injurious to man and animals. Issued post-free . . . . . ‘ A ’ ^ B ’ 

30 . 9 . 1 6s, 

‘Annual subscription (payable in advance) VoL XXII (1934) , . 24^. its. 
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Zoological Mecord—Part Insecta 

price 

Published annually about July in each year and containing as com- 
plete a record as possible of the literatui’e of the previous year, chiefly from 
t!ie systematic standpoint. 

Annual subscription (including postage) , • . , Od. 

Publications obtainable from the Imperial Mycology Institute, Kew, 

Surrey : — 

J ournal 

Review oj Applied Mycology: Annual subscription, 12 monthly parts, 
with title page and index (post-free) . . . . . . . 2Ls« 

Index (post-free) Single part 26*, 

Title page and index . . . . . . . 3^. 

Occasional Ptiblicaiion 

Report on the Third Mycologioai Conference, 11)34. 



APPENDIX 

IMPEil AL COUNCIL OF AGRICULTURAL RESEARCH 

INSTRUCTIONS TO AUTHORS OF PUBLICATIONS OF THE IMPERIAL 

COUNCIL OF AGRICULTURAL RESEARCH^^ 

1. All inaiiuscripts should be clean, clea.r and carefully revisc'd. i >idy ojie side 
of the paper should be uxsed, and as far as practicable the original type- written 
copy and not a carbon copy should be sent. Capitals should sjKiringly used, 
and all the iiecessary punetuation should be done in the ALS. and ind:- left for 
introduction in proofs. 

2. The title of a paper should not be lengthy. 

3. It is desirable that the AIS. should have suital)lc heaiLs and s!ibda‘Jids. in 
nuiubering tiie principal divisions of a paper roman nuinerais sliouid lx* us<xl. The 
useof arabic figures and (a), (6), (c), etc., is generally reserved for iiumberiug the 
subdivisions corning under each liead. 

4. x\.rticles submitted for publication either in the India^h Joanial af Agricnl- 
liiral Science or in the Indian Jotmial of Veterinary Scie>ice ami Animal II us* 
bandry should be accompanied by abstracts for publication in Agriculture tmd 
Live*stock in India. Abstracts should be concise, but should be long enmigh to 
explain the matter dealt with ; ordinarily no abstract should exceed 200 words, 

5. When a word or line is intended to be printed in italics it should be und<n‘- 

lined with a single line, in SM. cap. with two lines, in CAPITALS with tiirec lincB, 
and when in Antique (heavy type) with a wavy line 

6. In descriptive matter, numbers under 100 and all numbers occnirring at the 
begimaing of a sentence should be in words. 

7. Local names for crops, technical operations, etc., should be defined whero 
they first occur in the text, e.g., rabi (spring crop). The use of local wtughts and 
measures should be avoided as far as possible. Vernacular names, such as 
bajriy should be in italics without a capital letter, and each such name wlnu'c it first 
occurs should be followed by its scientific equivalent in brackets, e.g,, go war 
(Andropogon Sorghum). It is usual to write the initial letters of varietal names in 
capitals, e.g., Striped Mauritius, Dharwar- American cotton and Broach (x>tton. 

8. Botanical and zoological names are printed in italics and should be under- 
lined in the MS., e.g., Triticum vulgare L. ; Diplodia Gorchori Syd.; Fyrilla 
aberrans Kirby. The International Rules of Botanical Nomenclature and the 

Spare copies of these Instructions can be had on appUcati<->n to tiu‘ SetxNnary. 
Imperial Council of Agricultural Research (Publication Section), Now DelKi. 
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International Rules of Zoological Nomenclature should be followed. The names of 
chemical substances should not be written with a capital letter ; they are printed in 
roman type ie,g., caiGium carbonate, prussic acid). 

9. The following and similar abbreviations may be used freely e.f., i.e., 

mm. (millimetre), cm. (centimetre), grm. (gramme), mg. (milligramme), c.c. (cubic 
centimetre), sp. gr. (specific gravity), Ib. (pound), cwt. (Imndred weight), in. (inch), 
ft. (foot), oz. (ounce), md. (maund), sr. (seer), cli. (chattack). Other abbreviations 

• should be used sparinglyj if at all. 

10. References to plates should be given within brackets, without prefixing 
the word '' see ■ ' or f ' cf.'’, in the MS. itself, and should not be left over for introduc- 
tion in proofs. For example, The parasite (PI. X, fig. 4 ) was present late in 
1906 

11. The word '' Table ’’ is preferable to “ Statement’', and tables should be 
numbered conseGutively in roman figures. Each table should have an explana- 
tion as a sub -head. It is more convenient for reference if tables can be printed 
horizontally ; for this purpose they should not exceed in width the printing measure 
of the page (5 in.). ExmnpU — 

Table IV 

Results of watersavmg experiments 07i wheat {Ptisa 72) at Gmigapur, Haripiir and 

Sargodhafl916‘17 


Staticu 


Oimgapur 
Haripur . 
Sargodhr.i 


j Yield per acre in I Avicraoe yield per 

I MAUNDS AND SEERS ; ACRE 

No. of iri'i- i ! 


gations in- . I 
eluding the I 


preliminar 

w'jittM’ing 



One 

12 IM 

t 20 10 

i 


8 31 

U) 14 ^ 


8 12i 

j 

2n 27 1 j 


21 17 


12. References to literature, arranged alphahetically according to authors’ 
names, should be placed at the end of the article, the variou.s references to each 
author being arranged chronologically. TSacli reference should contain tlie narm^ 
of the autlior (with initials), the year of publication, tlie abbreviated title of the 
publication, volume and page. lu the text the reference should be indicated by 
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the author’s name followed by the year of publication, enclosed in l)raeketB ; when 
the author’s name occurs in the text, the year of publication only need be given 
in brackets. If reference is made to several articles published by one author 
in a single year, these should be numbered in sequence and the number quoted 
after the year both in the text and in the oolleoted references. This system of 
referencing is the same as is used in the Biochemical Journul with sliglit modifica- 
tion and will be clear from the following illustration 


The work of Osborne and Mendel [1919, 1, 2] and St'/oenbock and Boutwell [3919] 
had indicated an association of the fat-soluble vitamin w’th the green parts of plants. 
This view was examined by Coward and Dmmmond [ 1921 ] who reported that vitamin 
A was not syntliesised by etiolated shoots but that green leaves were active in its forma- 
t ion. Another worker [ Wilson, 1922 I, on the other hand, found that etiolated shoots 
if* given in sufficient quantity could supply the fat-soluble vitamin and that f hls factor 


was therefore formed in tlie absence of light. 



REFERENCES 

Coward, K. H. and Drummond, J. 0. (1921). Bioclimn* «/* 15, 

Osborne, T. B. and Mendel, L. B. (1919, 1), J. BioL Ghem. 87, 187, 

---(1919, 2). J. BM. Chern, 41, o49. 

Steenbock, H. and Bontwell, R. (1919). J. Biot Ohem, 41, 149, 

Wilson, J. (1922). J. Biot Chern. 51, 455. 

Abbreviations, as far as possible, should follow the system adopted in A 
World List of Scientific Periodicals ” published by the Oxford University Press. 

13. Papers should be complete when submitted for publiijation. As altera- 
tions and additions at the proof stage cause both additional cixper^sc^ and delay, 
they should be rovsorted to as little as possible. In making ciorrcudions in proofs 
the recognized symbols which will be found in tlie Standard 'Dictionary ” shouhi 
be used. Second (page) proofs will be submitted to authors who should return 
them promptly. 

Illustrations. 

14. As the format of the journals has been, standardized, the size ado|)ted beii^g 
crown quarto (about 7^' x 9f'’ cut), no text-figure, when printed, should 
4|X5 inches. Figures for plates should be so planned as to fill a erown quarto 
plate — the maximum space available for figures being 5|X8 inches exclusive of 
that for letterpress printing. 

15. Photos or drawings for illustration should accompany the manuscript and 
each should bear on the reverse side the name of the paper to which it re)at(^s 
together with the title or legend, figure or plate number, and the size to be vepm- 
duced. When giving instructions for reduction linear meaBuremonts arf^ under- 
stood ; thus, '' half-size ” means reduce to half the length and breadth, not half 
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the area^ A photograph should not be rolled up, nor pinned, and should always be 
^^ed flat. A complete list of plates and figures should always accompany the 

16. Line drawings should be made with clear black lines on smooth white 

y board. Rough paper should be avoided. Care should 

l^taken that all the lines are drawn firmly; scratchy or grey lines, produced by 

tbP down are not permissible. Drawings should be larger than 

the required size. All lettering should be neatly and clearly put in, care beit taken 

to make all lettenng sufiiciently large to stand reduction. ^ 

17. For half-tone work, copy should be made on glossy silver paper and 
ot the same size or larger than the size required. 

18. For three-colour work, copy may be oil-painting, water-colour, coloured 
photograph or coloured transparency, and larger than the size required. In pre- 
parmg copy, one should use only the primary colours, in any combination, as only 
inks of primary colours are used in printing. Originals can be enlarged, if neces- 
sary, but this should be avoided if possible. 

A9. For detailed instructions regarding preparation of illustrations, it would be 

tion?”lftf ? '’w. fr on “ Photographic lUustra- 

toons ^ in the Agricultural Jourrml of India, Vol. XI, Pt. 3, July 1916, and Mr A W 

Slater s paper on “ The Preparation and Reproduction of Scientific Illustrations » 

nrin^/ tfjiT tr Erdomological Meeting, 1919, which has been re- 

printed as Bulletin No. 114 of the Agricultural Research Institute, Pusa. 
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Page ISTo. 146, T^/ble IX, last line f Ji=below O^OIJ should be corrected to 
*P:=^elowO*pi.'' ^ 

Page 157, Table XVII, line from bottom, columns 2 and ? from right, t |^0 
portion of the vertical line [between ‘ From ^ aud * T80 (on '] should be deleted. 

Page 188, line 5, comma (,) between 'M,A/ and ' (Cantab,) ’ should be deleted. 

Page 228, Table XIX, first column, last but one line, 21st Dec.’ should be 
corrected into ‘ 1st Pec.’ 

Page 229, Table XIX, 1st column, 1st line, • 23rd Dec.’ should be correctei 
into ‘ 3rd Dec/ 

Page 349, line 22, ‘ absorption ’ should be corrected into ‘ adsorption ?. 

Page 377, line 9 from bottom, insert comma (,) before ‘ humidity’. 

Page 383, line 1, ^ interna ’ should be corrected into ^ internal \ 

Page 391, line 33, ‘ patholocical ’ should be corrected into ‘ pathological K 

Page 401, Table II (6), column I, row 1, , i.\ should be 

y' iTif ‘ 

corrected to * / 1/ J[ , J^\ > ^ 


Page 403, Table VII, column 1, row 1, * ^ ’ should be inserted above * F% 



ORIGINAL ARTICLES 


STUDIES IN INDIAN PULSES 

THE INHERITANCE OF MORPHOLOGICAL CHARACTERS AND OF WILT- 
RESISTANCE IN RAHAR {GAJANU8 INDIOU8 SPRBNG.) 

BY 

■ F. J. F. SHAW, D.So. (Lond.), A.R.C.S., F.L.S., I.A.S., 

Director and Imperial Econmnic Botanist, Imperial Institute of Agricultural Research 
(Received for publication on 21st December 1935) 

(With Plates XXIII— XXVI) 

Inteodpotion 

The property of disease resistance is generally a physiological quality which 
cannot he visibly identified by an observer in the same way as a morphological 
character. It may happen that a resistant type owes its resistant quality to some 
definite visible morphological character or that certain morphological characters, 
not in themselves directly concerned in the quality of resistance, are invariably 
present in a resistant type. Where this is the case the recognition of resistant 
individuals is easy. 

In the ease of the wilt disease of rahar, Gajanus indicus Spreng. (pigeon-pea), 
the existence of resistance in certain pure lines has been already demonstrated. 
It has been shown that a high degree of resistance is present in the Pusa Type 80 
and that resistance is also possessed by Types 16, 41, 60, 51 and 82 [ McRae and 
Shaw, 1933 ]. 

For the study of the iiiheritanee of wilt-resistance it was necessary to select 
two types of rahar one of which possessed a high degree of resistance and another 
which was characterised by a marked susceptibility to the disease. Fortunately 
the Pusa Type 6 was all that could be desired in this latter respect, this type 
giving about 100 per cent deaths due to wilt in an artificiahy infected field. By 
growing the F^ and F 2 generations of a cross between Type 5 and the resistant 
Type 80 in artificially infected fields the percentage loss due to wilt in these gene- 
rations was determined. 
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Tlie cross was grown in Fi, generations ])oi]} in fields wliieh iiml 

been artifixmily infected and in fields which were not ariiliciall}^ infeeied. Tn 
this way bju comparing' the phenotypic frequencies in the sumiving pltints of tlio 
Fo in tlie infected area with those in the F^ grown under normal (conditions it was 
possible to determine whether the quality of resistance, iwis rcs1ri(*ted to, or in- 
creased iiij any particiilar phenotypes. The Fg and su])se.('|ueut generations gronni 
uiid.er inferred eoiiditioiis as \vell a-B under normal conditio ns sein'ed to ehuidaic 
the iiilieritaiice of Avilt resistance. 


Part I 



■ C.rrt‘u wiiii 

I bieek with fUiui 

streaks. gn‘y dots. 


Fj— Typo 80 j Erect (In- | Crowded | Yellow with j Cr«.*eu with | Pinkish siKoa*. 

x5;fypo5j term(aiiate) ; faint nsi v<*ins Idaek : whiles will 

and short, j | on dorsal side streaks | br<jwn mui'k- 

■ : ■ I .. . . I ..of 'Standard. ines (pat clans' 


Type 5 . Erc‘ct and j Crowd* ‘d ■ Y<dlow 

' ' si.iort I . . ! 


The characters selected for study were those relating to the habit, inflores- 
cence, flower and seed. In F^ the erect and short habit of Type 5 was doinimint 
over the tall and spreading habit of Type 80, the ereetwss being partially dominant. 


TmE inheritance of MORPHOLOGIOAL'CHAEAOTERS — CHARACTERS OF PARENTS AND 

The ciiaracters of the parents have already been described and are shown with 
those of the F-|^ in tlie foiloA'ving table 

Table I 


Characters of ;pa.renfs and of 


re>'e<‘tie<^ 


Type 80 . i 8j>r(‘a{litia 

j and tali'. 


0|)>,‘n . Ytilow wilh 

(}irru.-i(“fl ihhI 

C'ulour doi*- 

: wal side of 
I Biaudard 


Cf r( H ‘1 1 w i t.h, I ' ) t f; i w i « 

l.tla,(*k I with brf>wa 

Btri'uk.s j iaarkhia>; 

I (frdc'lKAs) 
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PLATE X 


FLOWER AND SEED COLOURS IN PIGEON-PEAS - TYPE 5 x 'PYPi: 80 - p. 


Type 5 parent 


Type 5 x Type 80 — Fj 


2 

Type 80 parent 


Ringed flower and Type 1 seed 
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Similarly tlie crowded inflorescence of Type 5 was dominant over tlie open inflores“ 
ceiiee of Type -80. Tlie seed of the resembled tliat of Type 5 in having silver- 
white background but possessed faint brown markings like that of Type 80t The 
flower of Fj^ 5 however, was a new phenotype unlike either parent, possessing red 
colour restricted to the veins on the dorsal side of the standard. 

Crossing was easy when T 3 ^pe 80 was the female parent but was more difficult 
when Type 5 was the female parent. 

The Fg generation 

It is convenient to describe first the inheritance of characters in this genera- 
tion in the population which was groivn in a non-infected field. The frequencies 
of phenotypes in this normal population can then be contrasted with those in the 
infected area. 

(i) Floiver colour 

The F^ had a ^^ellow flower with fiiint red veins on the dorsal side of the stand- 
ard. In Fq both parental types and the F. type were realised and a fourth new 
phenotype appeared as the recessive (Plate XXIII). This latter type is called 
ringed ” and is characterised by the possession of red dots on the margin of the 
dorsal side of the standard, in other respects this flower resembled that of Ty pe 5, 
The frequencies of these phenot^qies in Fo are shown in Table II. 

Table II 

Segregation in for floiver colour 




Type 5 

Type 80 

Ringed 

Total 

Type 80 X Type 5 . 

Observed 457 

152 

146 

59 

814 


Expeeti'd 458*1 . 

152-7 

152*7 

60-9 

814*4 


(9 : 3 : 3 : 1) 


x= = l-C,. 

P=0-C0 


Tjqje 5 x 80 . 

Observed 487 

104 

180 

[ 63 

884 


Expected 497*25. 

165*75 

105-75 

55-25 

884 

1 

(9 : 3 : 3: 1) 

1 

1 

I 

x= = l-5. 

i 

P=0-C7 

1 __ 

1 ■ 


A dih^hrid segregation, 9 : 3 : 3 : 1, is indicated and the fit is close, P=:rO*6S 
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Type 5 lias a crowded ” ioflorescence, with short iiiteriiodcs and flowers 
in clusters, and Type 80 has an open inflorescence. In the inflorescence was 
crowded (Plate XXIV, fig. 1) and in Pg the following segregation was observed 


Table III 


Segregation in for inflorescence cJiaracier 


Crowaied Open j Total 



Type 80 X Type 5 


Observed 
Expected (3:1) 


. . 609 . 211 


205 !■ '820 


Deviation -:=6 B. E.«12-32 


Dev. 6 


S.E. 12-32 


Type 5 X Type 80 


Observed 
Expected (3:1) 


661 I 222 I 883 
662-25 220-75 : 883 


Deviadon = l‘25' . S.E. = 12:^87' 


Dev. 1*25 


S.E. 12-87 


The ‘ crowded ^ character is dominant in 1\ and Eg segregation takes place 
on a 3 : 1 ratio. 


PLATE XXW 



Vol. 6, Part II ] 


.es of inflorescence 




PLATE XXV 





m 
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(3) Habit 

The plant habit of Type 5 was erect, that of Type 80 was spreading and in 
the erect habit showed incomplete dominance, the plants of being less erect 
than Type 5. It was impossible however in Fg to separate with any certainty 
the Fi and Type 5 phenotypes ; they are therefore classified together. 

Table IV 


Segregation in for habit 



Erect and 
Inter- 
mediate 

Spreading 

Total 

f Observed 

1 

1 601 

! 

231 

832 

Tj-p.»xT„.5 . . 

1 624 

208 

832 


Deviation = 

= 23 S. E. = 12-49 


Dev* 23 

== 1*84 

S.E. 12-49 


f Observed 

644 

217 

TvP® ^ X Type 80 . *1 

[Expected (3 : 1) 

645-75 

216-26 

Deviation 

= 1-75 ■ 

S.E. = 12 -70 


Dev. 1-75 

-= 0-14 

S.E. 12*70 


A single-factor difference for plant habit is indicated. The classification of 
phetontypes is somewhat difficult as the habit of the plant is influenced by the 
spacing in the field. 

{4) Stature 

In regard to stature, in the experiment of 1929-30, Typie 5 had a mean height 
of 251 cm. with a range of 220-275 cm. Type 80 had a mean height of 320 cm. 
with a range of 285-345 cm. F, (T. 5 x T. 80) showed a mean of 255 cm. and 
F (T. 80 X T. 5) a mean of 270 cm. The ITo had a mean of 276 cm. with a 
range of 205-375 cm. The similarity of the mean and range of the frequency distri- 
bution in F^ with that of Type 6, the shorter parent {Table VII) suggests that 
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short stature is dominant and indeed if we take a height of 290 ein. a-s. the iipfjer 
limit of dwarfness we can classify thus : — 

Table V 


Segregation in for stature of plants in 1929 ->30 



Short 

j Tall 

! 

} Total ' 

r Observed 

561 

j 214 

775 

Type 80 X Type 5 . . 




[_ Expected (3:1) 

i 581*25 i 

103*75 ; 

775 


Dev,-20-; 

25 S. E. 

i2*U5 


Dev, 

20*25 

. ItQ 


S. E, 

1 

. 12*05 

UO 


The reciprocal cross (Type 5 X Type 80) was grown again twu yi^ars laier 
(1932-33) and in this season both parents grew taller, the conditions for growl h 
being more favourable than in the previous season. The mean of Typ(^ 5 w as 
285 cm. with a range of 255-315 cm. and the mean of Type 80 was 352 <an. with a 
range of 305-375 cm. The mean of w^as 290 cm. with a range of 215-325 cm. 
The mean of Fg in this year was 322 cm. with a range of 215-395 cm. The mean 
of Fg in 1932-33 was therefore 46 cm. higher than in the earlier season aini, wo 
have taken the upper limit of dw^arfness in this season as 340 cm., he., 50 cm. 
above the limit of 290 cm. used in the cross, Type 80 x Type 5. 

Classifying the Fg of the cross, Type 5 X Type 80 on this basis we obtain — 

Table VI 


Segregation in for stature, in 1932-33 





Short 

Tall 

i Total 

Type 6 X Type 80 . 

^ Observed 

• 

670 

206 

: 876 


(^Expected (3 : 1) 

* 

657 

219 

■ 876 


Dev.=.13 S. E. = 12’82 

Dev, 13 

=D014 

S. E. 12.82 


An examination of the Fg frequency arrays, however, does not support this 
hypotheis of a monofactorial difference between tall and short. The F^, arrays 
are fairly smooth curves and show no evidence of a natural division at the points 
at which demarcation should occur on this theory, but the evidence of linkage and 
the segregations in Fg tend to support the monofactorial theory of tlie inheritance 
of height. 


Frequency disirihiition of 'plant height 
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If we adopt the monofaotorial theory for the inheritance of stature and the two 
characters of inflorescence and stature are considered together we observe : — 


Table VIII 


Relation of stature and noMre of inflorescence in : Cross Type SO x Ty 2 )e 5 

(1929-30) 




Short 

Tail 

; Short i 

Tuii 



Crowded 

Crowded 

1 Open 1 

i 

Open 

Observed . . . 


1 

634 

36 ’ 

27 

.178 

Expected on 9 ; 3 ; 3 : I 

. 

435 • G 

145*2 

145*2' 

48 * 4 


x“ =647 • 624, P =bolow 0 ■ 01 


Similarly in the reciprocal cross we observe 

Table IX 


Relation of stature and nature of inflorescence in : Cross Type 5 x Type SO 

(1932-33) 





Short I 
Crowded j 

Tall 

Crowded 

■ Short 
Open 

Tall 

Open 

Observed . 

. . ■ 


629 

33^ 

41 ! 

■ 173 

Expected . 



492-75 

164*25 

V '164*25 

, 54*75 


x*=490-41. J?’-=below 0-01 


Taken separately both characters show a 3 : 1 ratio but combined they depart 
widely from the expected dihybrid ratio, the frequencies of the parental pheno- 
types being much increased. Linkage between the short and crowded characters 
is indicated, with a cross-over value of about 8-5 per cent in Table VIII, and of 
about 8' 8 per cent in Table IX. 

Plate XXrV, fig. 2 illustrates that plants with crowded type' of inflorescence, 
whether erect or spreading, are shorter than the plants with the open type of 
inflorescence. 
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5. Seed colour 

g00(j of Type 5 is silver-white with faint grey markings and that of Type 
80 is fawn with brown markings. The seed of is pinkish silver- white with brown 
markings (Plate XXIII). The brown markings are therefore dominant and in Fg 
we .observe : — . ......... 


Table X 


Segregation in for seed colour 




Seed with 
brown 
markings 
like 

Fi or 

Type 

80 

Seed 
like 
Type 5 

Total 

significance 

r Observed 

Type 8.0 X Type 5 J 

) Expected {3 : 1) 

i 

578 

198 

776 

Dev. =4-0 

S. E.=12*06 

582 • 

194 

776 

?E. 

Tjrpe 5 X Type 80- 

r Observed 

661 

207 

868 

Dev. =10*0 
S.E.=12*76 

Expected (3 : 1) 

^ ■ 

651 

217 

1 



Owing to the wide range of variation in the phenotype with brown markings 
it was impossible to distinguish with certainty in Fg the seed phenotype of Type |i 

80 from that of F^, the Type 5 phenot3rpe, however, could always be clearly re- 
cognised. We have, therefore, indicated a monohybrid ratio for seed colour 
although we strongly suspect that the inheritance of this character is more com- -li 

plicated. Even if the inheritance of seed colour is proved at some future date | 

to be more complicated the main segregation (3 : 1) between Type 5 and others I 

will remain valid and any further elucidation of the position will simply show the | 

type of inheritance of other factors within this framework. Flower colour and seed 
colour show linkage, brown markings on the seed being linked with the F^^ and Type || 

go phenotypes for flower colour. If we classify the Fj and Type 80 phenotypes I'j 



148 


INDIAN JOUENAL OF AGRICULTURAL SCIENCE 


[VI. II 


together as coloured ’ flowers and the Type 5 and ‘ Ringed ’ phenotypes as ‘ non* 
coloured ’ we obtain : — 

Table XI 

Relation of flower and seed colours in 



Coloured 

flower 

and 

coloured 
seed i 

Coloured 

dower 

and 

white 

seed 

! 

* Non-colour- 
j ed flower 

1 and ; 

j coloured 

1 seed 

Hon -colon 
ed flower 
and 
white 
seed 

Type 80 x Type 6 

' 575 

4 ~ 

1 ' 3 

^ 194 ■ 

Type 6 X Type 80 

652 

4 

9 

1 

0 

CN 


The cross. Type 80 X Type 5 shows a cross-over value of 0*9 per cent and the reci- 
procal a value of 1 *52 per cent. The evidence of F 3 , however, indicates that the 

^nkage is absolute and that seed and flower colour are determined by the same 
factor or factors. 

Theory 

We may suppose — 

A=factor for red in standard and for brown spotting on seed coat. 

B==factor restrictmg red colour to veins in the standard in the presence of A 
and inibiting red dots in the absence of A. 

P=factor for erect habit 
S=factorfor short stature 
K=faotorfor crowded pod habit 

Type 5==aB (K S) P. 

Type80=Abfks)p. 

to So™, colour in E. wo ate dealing with a stgregatJon of A and B which will 
1 ab=‘ ringed flower ’ 

r I-^P^rtien- in K. 

in seed, colour we have a segregation of^ 

w-h»™ nctking. lit, lirpe SO and fawn bactgtonnd 

Aa— famt brown markings and pinkish sHvat- i 

M-tara-white Hi, 5 ' ^ »>lver-wh.f, haoigtorntd 


give 



STUDIES IN INDIAN PULSSS 


The Fa generation 

(1) Flower colour 

The behaviour of cultures in F 3 as regards flower colour is shown in the table 


below 


jPg behaviour for the inheritance of flower colour 


Segregation in the Fjl group splitting into 3 Fi : 1 Type 80 : 

Fj, Type 80 

Observed . . . . • • 

Expected • • . ... 487*5 162*5 

Deviation . . . . . . 16*5 16*6 

S. E. = ll*04 


Total 


No. of Fg 
cultures and 

1 

Flower colour 


Frequencies 

Seed colour 

nature of 
their parents 
inFg 

segregation 

in F 3 

Formulae 

Observ- 
ed ■ 

Expect- 

ed 

segregation 

in Fg 

32 Fi 

Pure Fi 

1 AABBCG 

2 

3*55 

Pure “brown 

markings ” 


3 Fi : one Type 80 

2 AABbCC 

9 . 

7*1 

Do. 


3 Fi ; one Type 5 . 

2 AaBBCC 

5 

7*1 

3 Brown mvarkings 
: one silver -white 


9 Fi : 3 type 80 . 

3 Type 5 : one 
Binged 

4 AaBbCC 

16 

14*2 

Do. 

1 

14 Type 80 , 

Pure Type 80 

1 AAbbCC 

5 

. 

4*66 

1 

Pure brown 

markings 


3 Type 80 : one 
Binged 

2 AabbCC 

9 

9*33 

3 Brown markings 
: one silver- white 

9 Type 5 . 

Pure Type 5 

1 aaBBCC 

1 

3*0 

Pure Type 5 (silver- 
white) 


3 Type 5 : one 
Binged 

2 aaBbCC 

8 

6*0 

Do. 

5 Binged . j 

Pure ringed 

1 aabbCC 

5 

5 

Do. 
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Segregation in the group splitting into 3 F^ : one Type 5 
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F, 

Type 5 

Total 

Observed . 

* • • ♦ 

237 

90 

--327 '■ 

Expected . 

• « ' • 0 

245*25 

81*75 


Deviation , 

0 0 0 0 

8*25 

8*25 


B.E.=7*83 ■ 





Dev. 8*25 





= =-105. 

The hfc is good. 




S. E. 7-83 




Segregation in the Fj group splitting into 9 F^ : 

3 Type 80 : 

3 Type 5 : one 

Kinged : — 




Fj : Type 80 : 

Type 5 : 

Ringed 

Total 

Observed . 

610 201 

202 

73 

• --1O80 

Expected • 

612-5 204-2 

204*2 

68*1 


Deviation • 

x2==0'386 

2-5 0-2 

2*2 

4*9 


P — Between 0* 90 and 0*95. The fit is good* 



Segregation of the splitting Type 80 : — 






Type 80 : 

: Ringed 

Total 

Observed , 

• * . • 

462 

149 

=611 

Expected . 

* * * • 

458*25 

152*75 


Deviation • 

S. B. = 10*70 

- . . , 

3*75 

' 3*75 


Dev. 3*75 





— - — 

The ht is good. 




S. E. 10-70 




Segregation of the splitting Type 5 group : — 





Type 5: 

Ringed 

Total' . 

Observed . 


405 

160 

^=565, 

Expected . 


423-75 

141*25.. 

Deviation . 

S. E. = 10*29 

■ » • . • • 

18-76 

18*75 
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The nature of the segregations in I'j and. their respective frequencies confirm 
the dihybrid theory for flower colour. The segregation for seed colour is also shown 
in Table XII and agrees with the theory previously set out. 


(2) Inflorescence 
Table XIII 


Fq behaviour for the inheritance of inflorescence character 


Xo. of Eg cultures 
and nature 
of their 
ptirents 
in Fa 

Segregation 

Formulae 

Frequencies 

Observed 

Expected 

44 Crowded . 

Pure crowded . 

EK 

14' 

14.66 


3 crowded : 1 open 

Kk 

30 

29-33 

16 Open 

Pure open 

kk 

16 

16 


The segregation in the spliting crowded 1?2 plants was :* 






Crowded: 

Open 

Total 

Observed . 

. 

. 

. 

1586 

504 

=2090 

Expected (3:1) . 

• 

. 

* 

1567*5 

522*5 


Deviation . 




18*5 

18*5 



S. E. = 19*80 
Dev. 18*50 

-= =0’93. The fit is good. 

S. E, 19*80 

The dominance of the ^ crowded * habit and its inheritance on a 3 : 1 ratio 
are confirmed. 


! 

I 
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_ Erect awi spreading.— Omng to the wide range of variation in the spreading 
intermediate and erect phenotypes the observed segregation in E, cultures revealed 

orSeZ ™ 

our theory as shown in the following table : 

Table XIV 

Ea behaviour for the inheritance oflabit 


dSTo. of F3 
cultures 

1 

1 

! 


Frequencies 

and nature 
of their 

1 

Segregation 

Formulae 




1 ~ 

parents 
in Fg 



Observed 

1 

Esepeeted 

15 Erect ’ 

1 

L 

Pure erect 

pp 

15 

15 ■' 

30 Intermediate 

1 

1 

1 Erect : 2 Intermediate ! 1 
Spreading 

1 ^ 

26 

30 


Pure erect 

pp 

1 

Mil 


Pure spreading 

PP 

' . 3 

MU 

15 Spreading , 

Pure spreading 

PP 

12 

15 


1 Erect ; 2 Intermediate : 1 
Spreading 

Pp 

1 

3 

Mil 


is evident that one erect and three spreading plants were wrongly 

Imint thirty mte^ediates and that one intermedia^ was wrongly classed 

among fifteen spreading individuals. 

The total segregation in the twenty-six splitting intermediates is as follows 


Calciilated 
Observed on 1 ; 2 '; 1 
ratio-"' 


Erects » . ^ 

Intermediates , 
Spreading 

x2=3*22 

p — ^between 0* 1 and 0*2 


m 

888 

402 


434*25. 

868*50 

,:434*25"'" 


Total 


1737 
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4. Stature 

In P 3 forty cultures were grown from plants which had been classed as short ' 
in Fg l^wenty cultures from plants which had been classed as ‘tali’. The 
nature of the segregations is summarised below ; — 


Table XV 

Fg behaviour of the inheritance of stature 


ISTo. of Fg cultures and 


Frequencies 

nature of their 
parents in Fg 

Segregations in Fg 

1 

Observed 

Expected 

i ■ 

1 40 Short . . . 

’ !' 

Pure short . . 

13 

13-3 

f ■ 

Segregating 

26 

26*6 

'■ ' ' ' 

Pure tall . . 

1 

Nil 

' i 

'■■■■■ ■ 

20 Tall . 

Pure tall . . * . 

15 

20 


Segregating . . . . 

4, ; 

Nil 

i ■ : 

Pure short . . . 

1 \ 

Nil 



The occurrence of segregating cultures in Fg from parents which were classed as 
the double recessive tall phenotype in F 2 is to be expected as some cases of wrong 
diagnosis must occur in classifying a quantitative character such as this in which 
there is an overlap between the upper and lower limits of the two phenotypes and 
in which variations in soil fertility will have a marked influence on the develop- 
ment of phenotypes. 

The Fg generation showed strong linkage between short stature (factor S) 

^ and crowded inflorescence (factor K). The cross-over value was calculated at 

8*5 per cent and on this basis we conclude that the Fj produced gametes in the 
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ratio of 45-76 SK : 4-25 Sk : 4-25 sK • 45-75 <,k Th. t? 

.hould to™ .ho difcoo. genotype. „ no.2 LJt ’ * 


Genotype 

Frequencies 

SSKK 

2093-06'' 

SsKK 

388-88 1 

SSKk 

388-88 f 

SsKk 

• 4222-24] 

SSKK 

• 18* 06 'I 

ssKk 

388-88] 

SSkk. 

is-oe] 

Sskk . 

388-88] 

sskfc . 

• 209.3-06 ( 


Crowded short 7093 -06 

Crowded tall 406 • 94 

Open short 406 • 94 


Rema-rks 

The ratio of crowded to open is 
3 : 1 and airnilarly of short 
plants to tails is 3 : L Tiio 
ratio of tho four phenotypes 
IS about 17-3 : 1 ; i ; 5 . g 
which agrees fairly cl’o.^iy 
with tho observation. 


10,000 00 


In our Fg population of sixty cultures the 
as shown in Table XVI below. 


observed and expected values were 


Table XVI 


Relationship of habit and stature, in v 



Segregation in F* 


No. Of Fa cultures and 
nature of parents in P» 

Ha 

bit 


Stature 




1 Prequencies 


1 FreoTittni'*iA» 


xmuure or segregation 

Observed 

Expected 

Nature of segregation 


— - — 

39 crowded shorti 
plants j 

Pure crowded. 

13 

13 

Pure short . ^ 

3 short ; one tall . 

Observed 

12 , 

1. 

Expected 

2 

1 

1! 

3 crowded : one open 






26 

26 

Pure short 

3 short : one tall 

, 1 

25 

23*g 

15 open tall . 

Pure open 

■ ' ' lb ' 'I 

15 

l^'Puretall 

m . 

[ , 

"'Vl5 

5 crowded tall . 

h: 

d 

a 

1 

a 

1 

1-67 

Pure tall , T' 

1 

— : ' 


3 crowded : one open i 

4 

8*33 

Pure short . 

3 short : one tall 


1 open short , 

Pure open , , 1 

1 

1 

Pure tall 

4 
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It will be observed that in tbe cross-over classes ' crowded, tall ’ and ‘ open, 
short ’ the behaviour in F, shows that the parent was wrongly diagnosed in F ! 
Does this really mean that the linkage is absolute and that the supposed cross- 
overs are in all cases due to wrong diagnosis of stature ? 

In Table XVII the five plants Nos. 51, 473, 413, 582 and 141 classed as ‘crowd- 
ed, taU ’ in Fa had heights of 341, 342, 344, 344 and 357 cm. respectively, and the 
first four heights are very close to the upper Hmit of dwarfness. The one plant 
No. 715 classed in “ open, short ” had a height of 326 cm.— this should place it 
definitely among shorts. Table XVII shows the relationship of the nature of 
inflorescence and plant height in the F^ cultures. It will be evident that the 
average height in cultures pure for crowded inflorescence is less than that in 
cultures which are pure for open type of inflorescence. Similarly in Table XVIII 
the distribution of plants with crowded inflorescence has definitely a lower range 
for stature than plants in the same culture which possessed the open type of in- 
florescence. 
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Table 

Relation of nature of inflorescence ani 


Frequency distribution of plant height 


rtatjure 

inflores- 

ji 

Culture No. 

the parent 








1 







cence 



piaiu in 

iJa 

155 

165 

175 

185 

195 

205 

215 

225 

235 

245 

255 

i 

265 

27.5 

285 
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plant height in F.^ {T. 5 X T. SO). 


in cm. 


0 

Ifl 

Average 

(S 

C. V. 

Lines 

away 

from 

OalcTilated 

Eemarks 

295 

805 

815 

325 

335 

^.2 

33 

H 

height 
in cm. 

parent 
line 
on the 
east 

of the 
parent cm. 


' 




65 

201*l±3-72 

29*7 

14*7 

0 


Lines of cnittires run north to 












south, and are 4 ft. apart from 












one another. There is a fertility 
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Segregating for height. 
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Table 

Plant height in the cultures that are segre- 


GuHxire Ko. 


T. 6 parent on 
the east side 
of Fa. 

T. 8o parent on 
the east side 
of F«. 

F, No. 51 


T. 5 on the west 
side of F# 

T. So on tlie west 
side of Fa. 


Height of the 
parent plant 
In Fa cm. 


832 Short 




195 205 215 225 


9 I 2 4 '6 


... 3 6 7 


Frequency distribution of height In 
I 245 1 255 265 2751 285; 295i 305 



10 10 4 


11 4 6 


12 11 1 


20 10 12 7 
9 10 12 15 

V 17 11 10 

14 10 15 9 


U 10 9 


■5 10 : 1 ^ 
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XVII— 


gating for the nature of inflorescence 
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... 

73 

246*9±3*18 

27*1 

10*9 

19 


... 


... 

... 

69 

239*9±3-53 
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... 
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' ■ 30 
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... 

71 
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28*7 

12*1 

32 
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... 

... 
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60 
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10*7 

33 
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69 
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, ... 
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... 

69 
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',23*9 : 

10*0 
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••• 
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69 
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... 
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52 
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... 
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... 

68 
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19*7 

7*7 

55 


... 


... 

... 

72 

255-0i:2‘51 

2l‘I ' 

8*3 

58 


... 


... 

... 

70 

258*9i:2‘57 

21*3 

8*4 

01 


... 


... 

... 

55 

243 *3^2* 15 

16*7 : 

a*4 

62 


4 

... 

... 

... 

68 

288*8il*74 

14*2 ^ 

1*9 
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S. Seed colour 

The frequencies in Eg indicated that brown markings such as occur in 
Type 80 were dominant to the Type 5 phenotype and that inheritance was on 
a monohybrid basis. The behaviour of cultures in Fs is shown below ; — 

Table XIX 


F behaviour of the inheritance of seed colour 


No. of .F;} cultures and 
nature of parents in Fg 

Segregation 

Frequencies 

Observed 

Expected 

46 cultures from plants be- 
longing to Fi and Type SO 

1 

■ Pure . . . 

16 

15 '3 

phenotypes. 

Segregating 3 brown : one 
Type 5. " 

30 

30*7 

14 from plants with Type 5 
seed. 

Pure . . . 

14 

14 


The theory based on Fg is confirmed. 

In segregating cultures in F 3 we obtam a total ratio as shown below 



Seed like 

Fj and 
Type 80 

Seed Type 5 

Total 

■ j 

Observed . . 

1514 

494 

2008 

Expected (3 : 1) . . 

1506 

502' . 


Deviation ! 

i 

8’0 




S. E. = 19-40. 


XJtKSV » __ O U 

S E"" ^ G*41* .riiG fit is ^![ood[. 

It has already been stated in the consideration of F^ that it is very probable 
that the inheritance of seed colour is on a more complicated basis than a mono- 
hybrid ratio. The reason for this is that the attempt to separate the F, and 
Type 80 phenotypes in F^ gave the following segregations in F 3 , ’ 
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Table XX 

jPa behaviour of the inheritance of seed colour 


165 


No. of Fg 


1 Frequencies 

cultures 
and nature 
of the.{r 
parents 
in Eg 

Segregation 

1 

Observed 

Expected 
on dibybrid 
basis 

m Fi 

Pure Fi 

2 

4 


3 Fj : 1 Type 80 . 

1 4 

8 


3Fi:lType5 . . . . 

10 

8 


9 Fj : 3 Type 80 : 4 Type 6 

20 

16 

10 Type 80 

Pure Type 80 . . . . | 

2 

3*3 


3 Fi : 1 Type 80 . . . . j 

8 

Nil 

1 

3 Type 80 : 1 Type 5 . 

Nil 

6*7 

14 Type 6 

Pure Type 5 . . . , | 

1, 

14 

14 


The segregations of cultures in F 3 from the phenotype are suggestive 
but the behaviour of cultures from the Type 80 phenotype ahows clearly that 
we are unable to distinguish with certainty between F^ seed and Type 80 seed. 

The behaviour of cultures in F 3 as regards seed colour is also shown in 
Table XII. It will be seen that every culture which was pure for “ coloured ” 
flower was pure for brown markings on seed and that every culture which was 
pure for “ non- coloured ” flower was also pure for Type 6 phenotype seed. The 
evidence of the “cross-overs” also supports the idea that linkage is absolute, 
for in every case of an F 3 culture from a cross-over parent in Fg it was found 
that a segregation was taking place which should not have existed. Thus a 
plant diagnosed in F^ as having Type o flower and coloured seed gave in F a 
segregation for flower colour into three Fj^ : one Type 6 phenotypes and seed colour 
was also segregating. As already explained the development of red in the flower 
IS very much affected by the season, amount of sunlight, etc., and the develop- 
ment of colour in the seed varies somewhat with the degree of ripeness, dryness, 

• 4 A : 
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etc. The very few supposed cross-overs we, therefore, attribute to mistaken 
diagnosis in P 2 consider that a single factor is responsible for red colour in 
the flower and brown markings on the seed. 



Part II 

The inheritance of wilt-eesistance 

The mode of inheritance of flower colour, inflorescence, habit, stature and 
seed colour has already been described and shown to follow normal Mendelian 
ratios. If an P 2 population is grown in an infected field then the frequency 
of any particular morphological phenotype will depend not only upon the 
Mendelian probability of occurrence of this phenotype but also upon its chances 
of surviving the attack of the disease. If resistance to disease is a Mendelian 
character and if the factor or factors for resistance are linked with any factors 
for morphological characters then the phenotypic frequencies in an F 2 popula- 
tion in an infected field will be affected by differential rates of mortality. If, 
however, no such linkage exists then the phenotypic frequencies in the Pg ^ 
infected field will not be disturbed by disease and it is possible that the propor- 
tion of survivors may indicate the nature of the Mendelian ratio involved in 
the inheritance of disease-resistance. 

Pi GENERATION 

Pi was grown in artificially infected fields in 1928-29 and in 1932-33. The 
following table shows the percentage loss due to wilt in Pj and in the parents 
in these fields. 

Table XXI 


Percentage loss due to wilt in and ^parents 




Percentage loss 

Culture 


1928-29 

1932-33 



Barah plot 7 

Barah plot 7 

Lawn plot 2 

Type 80 parent 


7-3 

18*6 

2*2 

Type 5 parent . . . . 

• 

98-7 

97*3 

95-5 

Fx 

* 

8-3 

26*5 

27*9 
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Barah 7 had been infected for two seasons previous to 1928-29. It was 
used also in 1929-30 but was not infected again until 1932-33. Lawn plot 2 was 
infected for the first time in 1932-33. The figures show that the resistance of 
is much greater than that of the susceptible parent but less than that of the resis- 
tant parent. In 1928-29 the number of plants was only twelve and specially 
good seeds were selected for growing this population. It is possible, therefore, 
that a higher degree of resistance was shown by this population than is really 
characteristic of Fj. In 1932-33, however, the F^ in Barah 7 consisted of 177 
plants and that in Lawn plot 2 of ninety-three plants, populations large enough 
to give significant figures. 

Fg GENERATION 

The Fg generation was grown in 1929-30, 1932-33 and 1933-34. In the 
first case the Fg was from F^ plants which had survived in an infected field (Barah 
plot 7 in 1928-29) ; in the other two cases the F^ plants from which the Fg popula- 
tions were raised had not been grown in infected fields. 

Table XXII 

Percentage loss due to wilt in Fg and parents 


Percentage loss 


Culture 

1929-30 

1932-33 

1 1933-34 


Barah plot 8 

Barah plot 7 

Lawn plot 2 

1 Lawn plot 3 

Type 80 parent 

47-5 

18*6 

2*2 

14*0 

Type 6 parent 

99'0 

97*3 

95*5 

91*3 

I '2 (Typ® 80 X Type 5) 

80*5 

32*7 

40* 1 


Fa (Type 5 X Type 80) . j 


41*6 

I 43*6 

60*0 


The loss in Fg in Barah 8 was about eighty per cent but this field was very 
heavily infected having been in the experiment and under rahar for four successive 
seasons and as has been explained in a previous paper [McRae and Shaw, 1933], 
a resistant type even will lose its resistance under these conditions ; in fact, we note 
thatTypeSO, the resistant parent, under these circumstances had a loss of forty 
seven per cent. In 1932-33 the Fg was grown in fields which had not been infected 
with wilt for so long and, as a matter of fact, in Lawn plot 2 the infection had 
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been given only in that season, and the plot had never b fore been under ralmr. 
The loss due to wilt in Fg in Lawn plot 2 was from 40 to 44 per cent, in Barah 7 
from 33 to 42 per cent and in Lawn plot 3 about 50 per cent. The actual figures 
are shown in Table XXIII given below : — 

Table XXIII 


Loss due to wilt in six populations of rahar cross Type 80 X Type 5 and reci- 
procal 



1929-30 

1 1932-33 

1933-34 

Oiiltitre 

Barah plot 8 

Barah plot 7 

Lawn plot 3 

Lawn plot 2 


No. of 
wilted 
plants 

No. of 
survi- 
vors 

1 

No. of 
wilted 

1 plants 

No- of 
siu'vi- 
vors 

No. of 
wilted 
plants 

No. of 
survi- 
vors 

i No. of 
' wilted 

1 plants 

No. of 
survi- 
vors 

(Type 80 x Type 
5). 

385 

93 

1 

93 

191 

106 ! 

1 

1 158 



T’a (Type 5 x Type 
80), 1 



72 

101 j 

92 1 

1 

119 i 

i 

516 

508 


In fields which have been artificially infected and which have not been conti- 
nuously under rakar for successive seasons, the loss due to wilt in Fg ranges from 
32 to 50 per cent. A loss of 43 to 44 per cent was approximated to in three cases 
and gives the ratio of survivors to deaths of 9 : 7 or 27 : 37 ; these proportions 
suggest that two or three pairs of factors are concerned in the inheritance of 
resistance. But F 2 data are difficult to elucidate in this respect, since in spite 
of the care taken to secure uniform infection of a field, susceptible plants may 
escape and resistant plants may suffer from an uncontrolled and adverse physio- 
logical stimulus which renders them susceptible to infection. We may leave 
the consideration of this point for the moment and examine the phenotypic 
frequencies for flower colour and other characters in these Fg populations which 
were grown in infected soil and sustained losses from wilt disease. 

Flowee colotje 

When the Fg is grown in a wilt-infected field the four flower colour pheno- 
types, which have already been described, occur almost in the normal 9 : 3 : 3 : 1 
proportion. The phenotypic frequencies in the six Fg populations studied under 
infected conditions are shown in Table XXIV : — 


Segregation in for flower colour in infected flelds 
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It is evidentthat the incidence of disease has not caused mtich distortion 
in the expected dihybrid ratio, except in Type 80 X Type 5 in Lawn plot 2, where 
an excess of Type 80 type of flowers has increased the value of the enor- 
mously. This is possibly a case of wrong diagnosis in flower colour. 


Seed colour 

Here again the phenotypes which have already been described occur in 
the infected fields in proportions which agree closely with expectations. 


Table XXV 

Segregation in F^for seed colour in inf ected fields 


Cross 

Year 

Plot 

Observed frequencies 

Expected fre<iuencies 
on 3 : 1 ratio 

Total 
number of 
plants 

Seeds 

with 

brown 

markings 

like 

F, or 

T. 80 

Seeds 

like 

T. 5 

Seeds 

with 

brown 

markings 

like 

Fi or 

T. 80 

Seeds 

like 

T. 5 

T. 80 X T. 5 


1929-30 

. 

Barah 8 

61 


23 

63*0 

21*0 

84 



1932-33 

. 

Barah 7 

131 


53 

138*0 

46*0 

184 

»» * 



- 

Lawti 2 

139 


43 

136*5 

45*5 

182 

T. 6 X T. 80 . 




Barah 7 

70 


28 

73*5 

24*5 

98 

, „ ' , 




Lawn 2 

61 


21 

61*5 

20*5 

82 



1933-34 


Lawn 3 

355 


114 

351*75 

117*25 

469 

Total 

* 




817 


282 

824*25 

274*75 

1,099 


Deviatioa« 7*25. 
S. E. => 13*91. 


Dev. 
S.B. ' 


7*25 


13*91 


;0'52. The fit is good. 


Inelorescbnoe 

The occurrence of the crowded and open phenotypes in Fg populations 
under the incidence of disease is shown in Table XXVI which gives the pheno- 
typic frequencies of survivors. Here again there is no indication of any selective 
action of the disease. 
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Table XXVI 


Segregation in for type of inflorescence in infected fields 


Cross 

Year 

Plot 

Observed frequencies 

Expected frequencies 
on 3 : 1 ratio 

Total 
number of 
plants 


Crowded 

Open 

Crowded 

Open 

T. 80 X T. 5 . , 

1929-30 

Barah 8 

64 

18 

61-5 

20*5 

82 


1932-33 

Barali 7 « 

155, 

55 

167*5 

52*5 

210 

>1 * • 

» 

Lawn 2 

100 

41 

105*75 

35*25 

141 

T. 5 X T. 80 . 

»> * 

Barah 7 

89 

25 

85*5 

28*5 

114 

. ' ' . 

>» ■ • ' 

Bawa 2 

81 

41 

91*5 

30*6 

122 


1933-34 

Lawn 3 

380 

140 

390*0 

130*0 

520 

Total 

i 


1 869 

320 1 

891*75 

297*25 

1,189 


Deviation = 22- 75. 

S, B. ^ 34-48, 

T^e fit 13 good. 


Habit 

The ooourrenoe of the erect and spreading phenotypes among the survivors 
in Fg under infected conditions also agrees with expectations as is shown in 
Table XXVII. 

Table XXVII 


Segregation in F^ for plant habit in inf ected fields 


Cross 

Year 

■ 

Plot. 

Observed frequencies 

Expected frequencies 
on 3 : 1 ratio 

Tot-al 
number of 
plants 

Erects 

and 

Inters. 

Spreaders 

- 

Erects 

and 

Inters. 

Spreaders 

T- 80 X T. 5 . 

1929-30 

Barah 8 

71 

12 

62*25 

20*76 

83 ”” 


1932-33 

Barah 7 

151 

59 

157*50 

62*50 

210 


»» 

Lawn 2 

111 

37 

111*00 

37*00 

148 

T. 5xT. 80 . . 

j. 

Barah 7 

91 

23 

85*50 

28*50 

114 


• 

Lawn 2 

82 

39 

90*75 

80*26 

121 

»» ■* 

1933-34 

Lawn 3 

402 

118 

390’ 00 

130*00 

520 

Total 



I 908 

288 

897 

299 

1,196 


Deviation ** 11. 
B.'E. « 14‘64. 


The fit is good. 

It is evident from the facts presented above that in the inheritance of flower 
colour, seed colour, type of inflorescence and habit, the normal phenotypic pro- 
portions among the survivors of an Fg population under wilt disease were un- 
disturbed and we may safely infer that the factors which are concerned with 
the inheritance of these characters are inherited independently of those which 
are concerned with the inheritance of wilt-resistance. 
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Since the phenotypic ratios for the characters studied in Fj were not dis- 
turbed by the incidence of wilt disease in the Fa population, we infer that the 
inheritance of wilt-resistanee is not linked to that of these characters and that 
the genotypes which occur in Fo under normal conditions also occur in the same 
proportions when the population is subjected to disease. With the object of 
further investigating this, two Fg populations, which were grown in 1932-33, 
were oarried to F3 in an infected field in 1933-34. One of these Fg populations 
was the complete progeny of a single F^ plant, and was grown under' normal 
uninfected conditions, it contained 193 individuals and will be referred to as the 
B ’ series. The other F^ population was also the progeny of a single Fj plant and 
was grown under infected conditions. In this population there were ninety-eight 
survivors, the seed of which was carried to F3, this is referred to as the ‘ A ’ series. 

Thus in the “ B ” series we should expect to obtain all possible genotypes 
in Fg and in the “ A ” series we shall obtain in Fg the genotypes which survive 
the incidence of wilt. 

. Table XXVIII shows the distribution of the loss due to wilt disease among the 
F3 families of these populations and among the parent types (Types 5 and 80) 
in the same fields. Types 5 and 80 behave with reference to disease resistance 
in accordance with what has been previously described, the two Fs populations, 
however, each contain cultures which cover the whole range from susceptibility 
to complete resistance. 

Table XXVIII 


■ Frequency distribution of number of cultures for different degrees of wilt infection 

in mhrkv cross Type 5 X Type 80—F^ in an infected field 





Niimbcr of cultures with different percentages 




Vcnr 






of wilted plants 






















' ' and 
. .series 

‘ Plot 

Seed 




XJp to per cent 





*3 " 

'B.enxark8 ■ 




















0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

r< 


"A Series'- ■ 

Lawn 2 
and part 

Type 5 




... 

... 






9 

Q* 

* Bifitrihution of 

of Lawn 1 














9 rows of this 
type in A series 
and of 24 r(>ws 





Type 80 . 

7 

3 

1 

1 

... 



... 




12f 

in B aeries, 
t Distribution of 
















12 rows of this 
type of A series 
and of 2 rows 



T. 6 XT. 80- 

■ 'Pi- ' ■ 

■ 2' 

2 ! 

i 

a 

13 

9 

9 

18 

15 

14 • 

7 

1 

m 

in B series. 

$ Distribution of 


• ' 

' 



1 










different 
families, each 













1 


! 


family iu one 

1933-34 ' 
B Series. 

Lawn 1 

Types . 






1 

2 

2 

hi 

1 ' 

17 

24* 

row. 



Type 80 . 

2 '1 











2t 




T, 5xT. 80- 

1 

11 

20 

23 

IS' 

1 

30 

10 

18 

10 

, 10 

h j 

30 1 

193$ 
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Each, culture occupied one row in the field and contained thirty to forty 
plants. In Series A, therefore, there were nine rows of Type 5 with 100 per cent 
loss and eight Eg cultures with 20 per cent loss. 

In ninety-eight cultures in Eg from the survivors of the Eg which were grown 
under infection (the ‘‘ A ” series), there were two families which had no deaths 
due to wilt, and which may be classed as very resistant, fifteen families which sus- 
tained a loss of 70 per cent due to wilt and one family which was completely des- 
trojT-ed by this disease. In the 193 cultures in Eg from the complete Eg which 
was grown under non-infected conditions (the '' B ’’ series), one family had no 
deaths, eighteen families had a loss of 70 per cent and thirty-six families were almost 
completely destroyed by wilt. These frequencies suggest that in the A-series most . 
of the susceptible plants had been destroyed by disease in E^ ; these susceptible 
plants were probably individuals which were either heterozygous for factors for 
resistance or homozygous for their complete absence, in fact they were the non- 
resistant genotypes. In the A-series about one per cent of the total number of 
families have a death rate of over ninety per cent but in the B-series, in which 
the elimination of the more susceptible genotypes in Eg had not taken place, about 
eighteen per cent of the total number of cultures have a death rate of over ninety 
percent. It follows that in the Eg grown under infected conditions (A-series), the 
completely susceptible genotypes were destroyed and the resulting Eg popula- 
tion is from almost entirely resistant and partially resistant genot;^q)es. In both 
series the distribution of resistance and susceptibility among the E3 families 
shows that the inheritance of wilt-resistance is dependent upon multiple factors. 

It has already been shown from the inheritance of morphological characters 
in Eg and E3 that there is no linkage between the heritable factors for wilt-resist- 
ance and those for the morphological characters studied. From our knowledge 
of the genotypes which a,re phenotypically represented in F3, it is possible to see 
how the loss due to wilt disease is distributed among the different genotypes. 
Thus for instance, if, in Eg, cultures which were ‘‘ pure open for the inflorescence 
character, appear uniformly to maintain a very low loss due to wilt, we should 
in f er that this morphological phenotype was correlated or linked with disease 
resistance. If, however, in families which are pure for this morphological pheno- 
type, and in other families in E3 pure for some other character '' pure F^ 
flower '’), all grades of resistance occur, we obtain further proof of the absence of 
linkage and the dependence of resistance upon multiple factors. This, as a matter 
of fact, is the case and is shown clearly in Tables XXIX to XXXII. 
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Table XXIX 


The distribution of loss due to wilt among families in relation to the inheritance 

of the type of inflorescence 





No. of cultures and percentages of wilted 
plants in each culture 

No. 

of 

fami- 


Phenotypes 

Fa Series 





Tip to per cent 




Remarks' 

0 

10 

20 

30 

40 

50 

60 

' 70 

80 

90 1 100 

lies 

Pure open • 

A 



2 

3 

4 

2 

6 

2 

<r> 

■1 1 ... 

22 

Faniiiies with \''f‘ry 

B 

1 1 

3 

3 

7 

2 

S 

4 

6 

1 

1 

... 1 4 

! 39 

sniidl populations 
in Scries B iuive 

Pure crowded 

A 

2 


1 

2 

1 

2 

6 

2 

5 

xiJ 

21 

not lieen consi- 
dered in this Coni- 


B 

... 

4 

4 

4 

3 

6 

1 

1 

2 

2| X 

28 

parisoii. 

Segregating 3 cro* 

A 

... 

2 

5 

8 

4 

5 

7 j 

11 

' 7 

5 1 ... 

64 


wded : 1 open). 

B 

... 

3 

:!j 

12 

13 

15 

11 • 

i 

11 

7 

9 i 8 

1 

102 

1 



It is evident from Table XXIX that all grades of resistance occur in all geno- 
types both in ‘‘ A and B ” series. 

Table XXX 


The distribution of loss due to wilt among F^ families in relation to the inheritance 

of flower colour 


Phenotypes 

Fa Series 

No. of cultures and percentages of wilted 
plants in each culture 

No 

Remarks 

Up to per cent 

fami- 

lies 

0 

1 10 

20 

30 

1 40 

50. 

60 

j 70 

[ 80 

90 

100 

PureFi 

A 



1 


... 


1 



1 


3 

Families with very 















small population 


B 

... 

1 

... 

4 

1 


1 

1 

1 



9 

in Series B have 















not been consi- 

8 Fi : 1 T. 80 

A 





... 

2 

1 

3 

3 

1 


10 

(lered la this com- 















parison. 


B 

... 

... 

6 

4 

... 

3 

1 

3 

1 

2 

2 

22 


SFiUT. 6 

A 

... 



3 

1 


2 

1 


... 


7 



B 

... 

1 

1 

1 

1 


1 

1 


3 

3 

12 


9 Fi: 3 T. 80 :3 

A 

2 

2 

8 

3 

4 

2 

4 

6 

8 



28 


T. 5 : 1 Ringed. 
















B 

... 

3 

7 

7 

6 

11 

6 

2 

4 

8 

2 

60 


T, 80 Pure . 

A 

... 

... 

1 

... 

... 


1 

2 

1 

1 

... 

6 



B 

... 

... 

2 

2 

3 

4 

1 

1 


1 


14 


3 T. 80 : 1 Ringed 

A 

.... 

... 

3 

3 

1 

2 

4 

1 i 

1 

1 

... 

16 




1 

3 

... 

1 

4 

3 

2 


1 

1 


17 


tr. 5 Pure 

A 

... 


... 

2 

... 

... 

... 

... 

2 

2 


6 



B 


1 

... 

... 

1 

... 

1 

1 

2 i 


... 

1 

6 


ST. 6:1 Ringed . 

A 

... 

... 


2 

3 ■ 

2 

3 

3 1 

... 

1 

... 

14 



B 

... 


3 

2 

2 } 

4 

2 

6 ' 

3 

... 

... 

22 


Ringed Pure, 

A 


... 


... j 

i 

1 

2 


4 

..." 

1 

8 



B 

... 

1 

1 

' 2 ' 

i 

* 

1 

I 

... 


... 1 

11 
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Table XXXI ■ 

The distribution of loss due to wilt among the families in relation to the inheriiance 

of seed colour 





No. of cultures and percentages of wilted • 
plants in each culture 


No. 

of 

fami- 

lies 


Phenotypes 

Fa 

families 




Up to per cent 





Eemarks 



0 

.. 

20 

30 

40 

■50 

60 

70 

SO 

90 

100 

. 



Seeds with brown 

A 



2 



2 

3 

5 

3 

, 3 


18 

Eamilies with very 

markings — Pure. 

B 


1 

S 

12 

3 

C 

,5 

5 

2 

2 

1 

45 

small populations 
in Series B have 

Seeds with 3 brown 


2 

2 

6 

9 

6 

4 

10 

7 


1 


52 

not been consi- 
dered: in this com- 

markings: 1 silver- 
white segregating. 

B 

1 

7 

8 

7 

11 

14 

7 

4 ■ 

6 

4 

1 

70 

parison. 

Seeds silver-white — 

A 

**' 



4 

3 

, 3' 

5 

3 1 


3 

1' 

28. 


Pure. 

1 

B 


2 

I 

4 1 

4 

8 

5 

' 7 

1 ^ 

1 

3 

1 39 



Table XXXII 


The distribution of loss due to wilt among F^ families in relation to the inheritance 

of plant habit 


Phenotypes 


families 


Ko. of cultures and percentages of wilted 
plants in each culture 


t^p to per cent 


: ^ 1 

! 


j 0 

10 

20 

30 ‘ 

1 

40 

50 

60 

70 

' 80 

90 

100 



i 

Erect — Pure . ' 

A 

j 
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3 

1 


2 

2 

3 


1 

13 

Families with very 

! 

B 

I'... 

1 ' 

1 

s' 

1 

4 

1 


’ 2- 

4 

2 

19 

small populations 
' in Series B have 

Segregating 3 Erects 

A 

1 2 

1 

6 

i 

2 

5 

6 

12 

12 

6 

4 


56 

not been consi- 
derred in this com- 

and Inters : 1 
Spreader. 

B 

i 1 ‘ 

7 

13 

13 

13 

1 

21 

11 

11 

7 

: 

7 

111 

parlion. 

Spreader--- Pure . 

A 

! 

t 

1 

1 

8 

3 

3 

4 

1 

5 

3 

i 

29 



B 

j ... 

1 

6 

6 

4 

4 

4- 

7 

1 -i 

j 

1 

34 



No* 

of 

fami- 


Eemarks. 


Considering Tables XXIX to XXXII it is evident that the distribution of 
resistance to wilt disease among Fg families is not dependent upon the genotypes 
for morphological phenotypes, which occur in these families. Taking for in- 
stance, the infloresceiice character (Table XXIX) we notice that in both the A 
B series all kinds of Fs families, pure dominants, recessives and heterozygotes, 
show all grades of susceptibility. Considering Table XXVIII we note that in 
the B series a far larger total number of families in Fg were completely destroyed 
bjr wilt, or destroyed to such an extent that no genetical deductions could be 


■j 
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based on the few surTivors, than in the A*series ; these families of the B-series 
appear in Table XXVIII but they cannot appear in Tables XXIX to XXXII 
because it was impossible, owing to the small population or to the complete 
elimination of plants, to assign to them a probable genetical position in these 
tables. The total number of cultures shown for the B-series in Table XXIX is 
169 whereas in Table XXVIII the B-series contains 193 cultures. All that can 
be certain is that the frequencies in the columns for 70 to 100 per cent loss due 
to wilt in the B-series in Tables XXIX to XXXII would be increased if these 
twenty-four cultures could be included in these Tables (Tables XXIX-— XXXII). 

Further proof of the correctness of the views based on the two Fa popula- 
tions described above is furnished by the subsequent generations derived from 
the first F 2 population of 1929-30 (Table XXXIII). In this cross there were 
ninety- three survivors in Fg, of which fifty-two had vigorouvS seed production 
and were selected as parents of F 3 cultures. The loss due to wilt disease was 
distributed among these fifty-two F^ cultures as follows : — 

Table XXXIII 


Number of cultures from Fg, 1929-30 with different percentages of wilted plants in 

Barah plot 6 


Percentage deaths 


Culture 


Up to per cent 


1 

0 

10 

20 

30 

40 

1 

80 

Fj {1930-31) . . . . i 

20 

11 

15 

5 

1 




Type 5 parent . . . . ^ . 74- 3 per cent loss. 

Type 80 parent 0-9 per cent los.s. 


It will be apparent that in this F 3 , twenty families were completely res is 
tant and that no family had a loss exceeding forty per cent. This is very interest- 
ing as it will be remembered that the Fg of this cross was grown in a very heavily 
infected field and sustained a loss of about eighty per cent ; that is to say, in Fg 
practically aU susceptible and partially susceptible genotypes were eliminated — 
hence this cross shows a much higher degree of resistance in F 3 than those previ- 
ously described. 

The distribution of loss due to wilt among these fifty-two F 3 families in relation 
to morphological characters is shown in Table XXXIV from which it will be 
apparent, as in the previous cases, that the distribution of loss was not correlated 
with any morphological character. 


Distribution of loss due to wilt among F^f amities { 1930 -Sl) in relation to the inheritance of other characters 

(Nature of segregations in Pa families) 
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. Selected farailies from this particular cross have been carried up to the Pg 
generation, some details of which are given below. 

Four Fs families were selected from this cross of 1929-30 for further study 
and the F^ generation was grown in the same plot as the F,„ viz., Barah 6 in 

1931:32. 

F4 GENERATION 

Selection in Fa was made so as to secure various combinations of different 
niorpholcgical characters with wilt-resistance. Special stress was, however, 
given to selecting plants with erect habit, because raJiar varieties with such habit 
are preferred on account of the ease in inter- cultivation, harvesting and thresh- 
ing. Families B-€9, 11-22, E-4 ard F-60 were selected for the purpese and their 
Fj and Fg characters are tabulated below :■ — 

Table XXXV 


and F 3 behaviour of selected families 


! 

Family 

Percent' 1 
of 

wilted 
ijlants in 
F, . 

Plant habit j 

i 

InHoresceace 

Flower colour | 

Seed colotir 



F, 

1 

T, 1 F, 

) 

F, 

F. 

[ , F, ,, 

. B-69 

0 1 J^preader 

1 

i 

i 

Sxi reader 

Oj'en 

Open 

Ringed 

1 Binced ; 

! 

: Silver- 
1 white 

1 like 

1 

Sllver- 
1 ■ whil^' 
like 
■T. S 

I)"22 

S ' 

Erect 1 

1 Erect 

1 

Crow’ded 

Crowded : 
Open 

T. 80 

T. 80 ' 

Brown 

like 

Ft 

Brown 
! ' like 

r, 

E-4 

16 

Erect 

Erect 

Crowded 

Crowded : 
open 

1 

1 

T. 5 

■.T. 5: ^ 

E-iiiged . 

Silver- 
white ■ 
like 

T. 5 1 

' Silver- 
i white 
like 

■■ ■ T. 5 . 

F-60 

0 ’ 1 Erect 

i 

Erect 

Open 

Open 


Fi : T. SO 

Brown 

like 

T. 80 

Brown 

like 

T. 80 


It will be seen from the above table that family B-69 had no deaths due to 
wilt and was genetically pure for all the morphological characters studied. The 
remaining three families, cn the other hand, each segregated for some particular 
morphological character or the other. Thus D-22 segregated for inflorescence 
while E-4 segregated for inflorescence and flower colour. A number of plants 
were selected from each of these segregating families as well as from B-69, which 
was pure for all characters, and these were carried on to P 4 generation. 






STUDIES IN INDIAN PULSES 179 

E-4 was pure in F3 for erect habit and silver- white seed colour like Type 5, 
but segregated for type of inflorescence and flower colour. The following table 
shows the characters of the paints as regards inflorescence and flower colour 
selected in this family as parents for F4. 

Table XXXVI 


Characters of plants selected in 


Nature of inflorescence 

Flower colour 

Total number 


Typj 5 

Ringed 

of plants 

Crowded ..... 

3, 5, 6, 18, 25 

11, 14, 16 

8 

Open ...... 

4, 8, 13 

19 

4 

Total 

8 

4 

12 


Figures in columns 2 and 3 in Table XXXVI denote plant numbers in F3 
families. 

It will be apparent that five plants with crowded inflorescence and Type 5 
flowers were selected, three with crowded inflorescence and ringed flowers, three 
with open inflorescence and Type 6 flowers and one plant with open inflorescence 
and ringed flowers. 

■ F-60 was pure for erect habit, open type of inflorescence and browm seeds 
like Type 80, but segregated for flower colour. In this family tw^elve plants 
with Fj flower colour and twelve plants with Type 80 flower were selected. The 
numbers of these plants being : — 

Fj flower colour . . Plant Xos. 3, 4, 7, 8, 10, II, 12, 13, 14, 16, 18 

and 24, 

Type 80 flower colour ♦ Plant Nos. 1, 2, 5, 9, 15, 17, 19, 20, 21, 22, 23 

and 25. 

I)-22 was pure for erect habit, flower colour like Type 80 and brown seeds 
like Fi but segregated for crowded and open types of inflorescence. Ten plants 
were selected in this family as follows : — 

Crowded inflorescence . Plant Nos. 3, 6, 11, 17, 18 and 23. 

Open inflorescence . Plant Nos, 5, 15, 16 and 19. 

B.69 was pure for all morphological characters studied and hence only seven 
plants were selected from this family. 
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That multiple factors are responsible for the inheritance of wHt-resistance 
is further shown by the distribution of these fifty- three cultures in F4 with reference 
to the loss due to wilt : — 


Table XXXVII 


DlstrihuUon of families according to deaths dm to wilt 



Percent- 

Frequency of families with different 
percentages of wilt in F4 

’ Total 
number 
of 

Family 

age of 
wilted 
plants 




IJpto per cent 



inFj 

cultures 
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50 

— 
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9 

10 

4 

1 



. . 
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■■ 24 

D.22 ' . . . 1 

8 
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1 i 

1 

1 

1 

— 

: 1 ^ 
: J 

10 

E -4 . . • : 

16 

1 

1 

5 

3 i 

1 1 

1 

i 

1 


12 

B -69 . 

0 

{ 

6 I 

2 




j 

i 

i 

1 


7 


Type 80 parent • . . . . . . . 0 per cent 

Type 6 parent 79*8 per cent 


It will be seen that families F-60 and B-69 which showed no deaths due to 
wilt in the F 3 had many cultures in F 4 with either no deaths or with not more 
than ten per cent of deaths. Nine families in F-60 showed no deaths while fifteen 
families had deaths ranging from ten to thirty per cent. In the case of families 
D*22 and E-4 which had eight per cent and sixteen per cent deaths in F^ respec- 
tively, the range of distribution was much wider as is shown in the above table. 

The distribution of F 4 families for the different morphological characters 
studied in relation to the percentage of wilted plants in each family is tabulated 
below : — 
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Fg generatioh 

A notable feature in the study of the Fg generation was that not only the pro- 
mising wilt-resistant hybrids descended from the families B-693 D-22j E-45 and 
F-60 were carried to Fg but that five other families (A\ Bb O', .Db E’) of the 
same cross which were similar in morphological characters to the above but in which 
the previous generations had never been grown in fields artificially infected with 
wilt (the B-series— see page 172), were also included in order to determine their 
response to wilt. 

The following cultures were selected for growing in Fg : — 


Table XXXIX 


Description of selected ctiUures for 




Characters 



Morphologi- 
cally similar 
parents 
selected from 
F 4 in the B - 
series 

Family 

Cultures 

ll 

Inflores- 

cence 

Flower 

colour 

Seed 

colour 

B-69 . 

A. 5 

Spreading 

Open 

Ringed . 

T.5 

Ab240 

E-4 . 

B.14 

Erect 

Crowded 

Ringed . 

T.5 

'B\620 

E-4 

€.15 

Erect 

Open 

T .6 

T.5 

O’. 1055 

D -22 . 

D.24 . 

Erect 

Crowded 

T.80 . 

Fj Brown 

D’.514 

D -22 . ; 

D-30 . 

Erect 

Crowded 

T.80 . 

Fi Brown : 


D -22 . ■ ■ . '■ 1 

D-32 . 

Erect 

Crowded 

T.80 . 

Fj^ Brown | 


F-60 . 

1 

F-50 • 

Erect 

Open 

T.80 . 

T.80 

Brown. 

Eb562 

F-60 . 

E-39 . 

Erect . 

1 Open 

T.80 . 

T.80 

Brown. 

— "■■■■ 

F-60 . 

E-57 . 

Erect 

Open 

T.80 . 

T.80 

Brown. 



The Fg series Ab Bb C’ Db E’ had, therefore, been bred without any selection 
for resistance to wilt and were respectively morphologically similar to the Fg 
cultures A-fi, B-14, C-15, I).24, 30, 32, E.39, 57, 59 which had been bred for wfit* 
resistance* Table XXXIX makes clear the position of these Fg cultures. 



{Deaths duo to wilt 


No. of i 
effective 
plants I 


Brown like F 


Cultures 


Plant 

habit 


Character 

Inflo- 

1 Flower 

i rescence 

1 colour 


About three to five cultures of each family in Tables XXXIX and XL were 
grown in Fg ; the seed of a single plant being sown in one row. The average loss 
due to wilt, in the field in which this Pg was grown, sustained by the original 
parents was 84*9 per cent for Type 6 and 0*82 per cent in the case of Type 80. 
This F 5 was grown in a field which had been artificially infected for the first time. 


Table XLI 


Nature of wilt-infection in families ^ 1932-33 
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Cultures 28 and 38 derived from wilt-resistant families, I)-51 and C-14 (from A 
series) respectively were also grown. Their morphological characters are shown 
below : — 

Table XL 


Deaths due to wi! 


No. of 


Culture 


Culture 


Percent- 


No. of 
plants 


Perceni 

age 


2-17 

6*82 

6*38 


240 


6*52 

6*25 

0 

2*22 


B’.620 


O’. 1055 


94*20 

97*90 

100*00 


Erect . Open 


Brown like Fj 
and Ag 


Description of two other wilt-resistant cultures 


Previous generations grown in a wilt- 
infected field 


Previous generations grown in a 
non-infected field 
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Previous generations grown in a wilt — i Previous generations grown in a 

iiifected field | non-infectcd fiohi. 


Culture 

Bow 

No.- 

No. of 
effective 
plants 

Deatlis due to wilt 

Culture 

Bow 

No. 

No. of 
effective 
plants 

Doatlis clue to wilt 

No. of 
plants 

Percen- 

tage 

No. of 
plants 

Percent- 

age 

B.24 

8 

45 

3 

6-67 

D’.514 . 

9 

45 

44 

97*80 


28 

45 

3 

6-67 


29 

46 

45 

97*90 


44 

45 

0 

0 


45 

41 

38 

92*79 


63 

42 

0 

0 


64 

41 

38 

92*79 

D.30 

12 

48 

0 

0 







26 

47 

1 

2*13 







47 

47 

0 

0 







61 

47 

1 

2-13 






D.32 

13 

46 

0 

0 







25 

44 

1 

2-27 



* 




48 

47 

1 

2' 13 






B.50 

16 

46 

0 

0 

E’.562 . 

17 

46 

44 

95*70 


21 

45 

0 

0 


22 

41 

37 

90*30 


52 

46 

0 

0 


53 

46 

43 

93*50 


56 

47 

0 

0 


■ 57 

46 

38 

82*60 

E.39 

18 

45 

0 

0 







19 

46 

0 

0 







64 

47 

1 

213 







55 

46 

0 

0 






28 . 

11 

45 

0 

0 

Type 80 

77 

43 i 

0 

0 


27 

45 

0 

0 


83 

43 i 

0 

0 


46 

44 

0 

0 

1 

88 

40 

0 

0 


62 

46 

0 

0 


95 

38 

2 i 

5*26 







101 

42 ' 

0 i 

0" 

38 . 

14 

44 

0 

0 


107 

44 

0 i 

0 


24 

43 

0 

0 


113 

47 

0 

0 


49 

44 

0 

0 


115 

47 

1 

2-13 


59 

43 

.0 

i 

0 


116 

48 

0 

0 






Total 


392 

3 

0*76 






Type 5 . 

i 1 

43 

42 

97*7 







[ 10 

46 

46 

100*0 







20 

45 

44 

97*8 







30 

46 

46 

100*0 







40 

46 

44 

95*7 







[ 50 

46 

46 

100*0 







( 60 

45 

39 

86*8 







1 70 

42 

35 

83*4 







73 

39 

32 

82*1 







79 

34 

31 

91*1 







85 

40 

26 

65*0 







91 

42 

:37 

88*2 







97 

39 

33 

84*7 







, 103 

40 

36 

90*0 







; 109 

45 

42 

i 93*4 






Total 

i 

638 

579 

90*75 
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The above table reveals the following facts : — 

(1) That the cultures in the A (5) series showed a range of 2* 17 to 6*82 per cent 
of deaths due to wilt while those in the A' (240) series had deaths ranging from 0 to 
4*44 per cent. Both these morphologically similar phenotypic series may, there- 
fore^ be considered as wilt-resistant. The morphological characters in this group 
were spreading, open, ringed, T.5 seed, of which only the first two belong to the 
resistant parent. 

(2) That the cultures in the B (14) series had 0 to 6*52 per cent deaths while 
those in B’ (620) series had a range of 0 to 97*90 per cent. This shows that the B 
series was nearly pure for wilt resistance but that the B’ series was segregating for 
this character, although both B and B’ were identical for the morphological charac- 
ters studied. The morphological characters in this group were erect, crowded, 
ringed, T. 5 seed, most of these characters belong to the susceptible parent. 

(3) That the cultures in the 0 (15) series exhibited a range of 0 to 100*0 per 
cent deaths due to wilt, and the hybrids in the parallel series C’(1055) a range 
of 89 per cent to 100 per cent deaths, suggesting that the series C contained some 
cultures which were resistant, some which were very susceptible and some which 
were partially susceptible and that the series C’ was almost fully susceptible to 
wilt. Of the morphological characters in this group only one character, open 
inflorescence, belonged to the resistant parent. 

(4) That the cultures in the D series were highly resistant to wilt is shown 
by D (24) having 0 to 6* 67 per cent deaths, T> (30) showing 0 to 2*13 per cent and 
D (32) showing a similar 0 to 2*27 per cent deaths due to wilt. The cultures in 
the corresponding series D* (514), on the othar hand, all showed a very high degree 
of susceptibility, viz., 92*79 to 97*90 per cent, suggesting that the two series were 
absolutely dissimilar in their power of resistance to wilt disease although they 
were similar to one another in other morphological characters, two of which be- 
longed to the susceptible parent. 

(5) Similarly all the cultures in series E were highly resistant to the disease 
but their morphologically similar phenotypes in series E’ (562) were very suscep- 
tible. All the cultures in E (50) had no deaths and one death only occurred in 
a culture in E 39 and one in a culture in E 57. The cultures in E’ (562) had deaths 
ranging from 82*60 to 95*70 per cent. In this group all the characters except 
the erect habit belonged to the resistant parent. 

Cultures 28 and 38 also sustained no loss due to wilt, they were pure for the 
erect character of the susceptible parent. 

The foregoing details again confirm our previous observations that the wilt- 
resistant property in this rahar cross segregates quite independently of all the 
morphological characters studied. Had there been any correlation of morpholo- 
gical characters with resistance or susceptibility to wilt, similar phenotypes derived 
either from wilt-infected or non-ihfected fields would have responded similarlv 
to wilt-infection. 
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Plate XXVI shows graphically^ the percentage of deaths due to wilt shown by 
the different P 5 cultures as well as by different rows of the two parents. 

SUMMABY AND CONCLUSIONS 

( 1 ) The paper describes the inheritance of certain morphological .characters 
and the inheritance of wilt -resistance in a cross between two unit species of Cajanm 
indicMs. The types used in this cross- were the Pusa Types T.5 and T.80. 

( 2 ) The inheritance of flower colour followed a 9 : 3 : 3: 1 ratio — the "P|_ and the 
double recessive being new phenotypes unlike either parent. 

(3) Erect habit was partially dominant to the spreading habit on a 3 : 1 
ratio. 

(4) Short stature was dominant to tall on a 3 : 1 ratio. 

(5) The crowded habit of the inflorescence was dominant to the open on a 3 : 

1 ratio. 

( 6 ) The brown seed of T. 80 was dominant to the silver-white of T. 5 on a 
3 : 1 ratio although in this case we suspect a more complicated system of inheritanoe 
but the impossibility of diagnosing the phenotype correctly led to the adoption 
of the simple 3 : 1 theory. 

(7) The Fg and F^ populations were grown in infected fields and the loss due 
to wilt in Fg suggests that the inheritance of resistance may be found in a 9 : 7 or 
27 : 37 ratio, resistance being dominant. 

( 8 ) The ratios of the various phenotypes in were not disturbed by the inci- 
dence of the disease showing that the inheritance of resistance was not linked with 
that of any of the morphological characters studied. 

(9) Phenotypes which possessed the quality of resistance to wilt disease and 
most of the morphological characters of the susceptible parent were isolated from 
the cross (Table XLI, Culture B* 14, Row 39). 

(10) Morphologically identical hybrids showed great variation in their beha- 
viour to wilt disease, from almost complete resistance to complete susceptibility. 

I have to thank SIi*. R. D. Bose, officiating Assistant Economic Botanist, 
and Mr. Hukam Singh, Assistant, Botanical Section, for a large amount of assis- 
tance in the course of this investigation. 
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1. Introduction 

It is now fully recognized that without a thorough study of the biology and, 
more particularly, tlie ecology of a pest it is not possible to evolve a scientific 
system of prevention and control. This is particularly true of such sporadic pests 
as the Desert Local. During a locust visitation all energies are directed towards 
the destruction of this scourge and when it is over everything is forgotten. 
Moreover, the Desert Locust lives permanently in more or less uninhabited 
tracts, and out of sight is out of mind. Appreciating the importance of a 
thorough study of the Desert Locust from every aspect, the Imperial Council of 
Agricultural Research in India initiated and financed, in 1930, a scheme for 
locust research on an all-India basis. A part of the programme of this scheme 
consisted in the study of the infiuence of environmental factors on the 
bionomics of the Desert Locust. The present paper deals with one aspect of 
this investigation, j the influence of temperature— one of the most important 
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factors in the environmental complex of the locust — on the various stages of this 
criseet* Studies at constant temperatures have been supplemented hv a largo 
number of observations at room temperature, and even under natural environ- 
mental conditions . 

The locusts employed in these experiments were obtained, both in the adult 
and hopper stages, from the swarms visiting the Punjab during tlie winter of 
1930, and their progeny bred in the laboratory \inder diSerent conditions. Ijater 
on collections of the ‘solitary’ phase adults were made from the permanent breed- 
ing grounds in Sind and South Baluchistan. 

Unfortunately we started our investigations at the close of the last swarming 
cycle and have not been able to obtain sufficient material for as thorough an 
investigation as we desired. We have already greatly delayed the publication 
of these results in the expectation of another visitation. However, as there 
appears no immediate prospect of this, and, as we believe, that the results 
obtained would be useful to other workers, in India and elsewhere, we are 
publishing them. 

Our thanks are due to the Imperial Council of Agricultural Eesearch for j[)ru- 
viding funds. 


2* Fre-copulation aad Pre-oviposition period of Schistocerca Gregaria 

The female locusts usually begin to oviposit almost immediately after copula- 
tion. In fact very frequently the female begins her digging operations and egg- 
laying while the male is still on her back. Therefore, for all intents and pur- 
poses, the pre-copulation and pre-ovij^osition periods (/.£?., the period between the 
last laiwal moult and the first coitus and first ovipositioii), are identical. Varying 
opinions have been expressed regarding the duration of this period in Sckistoavica 
gregavia, Bodenheimer [1929] considers that for a. normal development a lull 
year is required, of which the pre-oviposition period is ten months. According to 
Begnier [1926] copulation takes place forty to fifty days after the last larval 
moult. Telenga [1930] states that the adults begin to pair a month after 
acquiring wings, (.^otes [1891] and Vosseiar [1905] observed the first ovipexsi- 
tion two to three weeks after the last moult. Such widely differing statements 
may be accepted as correct, because evidently observations by the different 
investigators were made under different environmental conditions. Un- 
fortunately no mention of these eonditions has been made. 


I. PeE-OVTPOSITION PEEIOB AT CONSTANT TEMPEEATUEEH 

The results of observations on locusts bred at constant temperatures are given 
in Table I and Tig. 1. 
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Table I 

Pre-oviposition period at constant temperatures {1931 & 1932) 


Reference No. 

, 

Temperature to ! 
which adults ; Date of acquiring 
exposed (°0.) i wings 

Date of first ovi- 
position 

Pre-oviposi- 

tion 

period (days) 


(Hoppers bred crowded at 4:^*° G. ; 

1932) 


40/1 A2 . 

40 

29th Jan. 

11th Feb. 

13 

40/1 A3 . 

40 

29th Jan. 

11th .Feb. 

13 

40/IT A1 . 

40 

14th March 

31st March 

17 

40/n A2 . 

40 

14th March 

28th March 

16 




Average . 

14-2 


(Hoppers bred crowded at 3(PG* ; 1931) 

36 [ 13th March . | 1st April 


13th March 
17th March 
17th March 
17th March 
19th March 
14 th May 
17th May 
13th July 
14th July 
14th Julv 


I 31st March 
31st March 
30th March 
Ist April 
2nd June 
5th June 
3rd Aug. 

4th Aug. 

6th Aug. 

Average 


{Full-grown hoppers collected from a swarm ; 1931) 
• I 30 j 10th Jan. . | 5th Feb. 


10th Jan. 
10th Jan. 
loth Jan. 
10th Jan. 


7thFeb. 

27th Jan. 

5th Feb. 

Averaore 


(Hoppers bred crowded at room temperature ; 1931 ) 

• ( 27 [ 18th Jan. . ! 19th Feb. 
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Fig. 1. Time-temperature and temperature-rate curves of pre-ovipositioni period of 

Schistocerca gregana adults. 


The influence of temperature on the pre-o?iposition period is quite signi- 
ficant. The higher the temperature, within certain limits, the shorter the 
pre-copulation and pre-oviposition period. The shortest period recorded has been 
thirteen days at 36 °C., and 40° C. At 27°Gv, however, it was thirty-two days. 
At one and the same constant temperature the period varies from individual to 
individual. At dO^'C., it varied from thirteen to seventeen days, at from 

thirteen to twenty-three days, at 30° G., from seventeen to twenty-eight days 
and at 27°G., it was thirty-two days. 
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11. Pbe-oviposition period at a temperature varying between 28®C. and 

82"C. 

Some of the breeding cages were kept in an artificially heated hot house, the 
temperature of which was maintained between 28®C. and 82®C. Under these 
conditions the pre-oviposition period varied from fifteen to twenty-eight days 
(Table II). These results agree with those above stated. 

Table II 

Pre-oviposition period in the hot house 
(Temperature varying from S8-32''G,) 

Previous history: Hoppers of V stage were collected from a swarm during 
1980 and bred in the laboratory ; their progeny was used in these experiments. 


(1931 S 1932) 


Reference No. 

' 

Date of 
acq airing 
wings 

Date of 1st 
oviposition 

^Pre -o\nposition 
" - period 
(days) 

L, . . . . 

24th Sept, 

18th Oct. 

24 



24th Sept. 

17th Oct. 

23 

Tjg ... , , , 

24th Sept. 

16th Oct. 

22 

Di7 ..... 

24th Sept. 

16th Oct. 

22 

Lgg ..... 

24th Sept. 

1 26th Oct. 

32 

Lgg ..... 

26th Dec. 

20th Jan. 

25 

Lgg . 

3rd Jan. 

18th Jan. 

15 

L49 ..... 

5th Jan. 

26th Jan. 

21 



Average . 

24-2 


HI. Pre-oviposition period op the over- wintered adults at laboratory 

TEMPERATURE 

The adults, bred in the laboratory, from hoppers collected from a swarm, and 
wliich had acquired wings in October 1980, were kept in cages in a large labora- 
tory, during the winter 1980-81. The earliest oviposition occurred in the beginning 
of February, The average duration of the pre-oviposition period was 131 days, 
and the longest pre-oviposition period was almost seven, months. The temperature 
of this laboratory remained below 18°C. (the developmental zero) during Decem- 
ber and January. Oviposition commenced in the beginning of the spring when 
the maximum, temperature rose to about 21'’0.. (Table III). If tbe temperature 
remains low over a longer period, it is not unlikely that the pre-oviposition period 
may be as long as ten months, as stated by Bodenheimer [1929]. These observa- 
tions represent, to a very largo extent, what happens under natural conditions. 
The indiv.idnals acquiring wings in the beginning of winter oyer-winter as adults. 
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Table III 

Pre-oviposition period of the over-wintered brood at laboratory temperature 
Previous history: V stage hoppers collected from a swarm. 


Keference No. 

Date of 
aec|iiiring 
wings 
(1930) 

Date of 1st 
oviposition 
(1931) 

I pre-oviposition 

1 period 

(days) 

S9 A 

* 



, 

16th Atig. to 

24th Feb. 

171—192 






6th Sept. 



S0 B 





Do. 

17th March . 

192—213 

47 A 





2nd to 7th Oct. 

23rd Feb. 

139-144 

47 B 





Do. 

27th Feb. 

143—148 

48 A 





Do. 

ISth Feb. 

134—139 

41 

# 




16th Oct. to 

26th Feb. 

115—133 






3rd Nov. 



46 B 





Do. 

7th March 

124—142 

40 A 

« 


• 9 


16th Oct. to 

15th Ifarch . 

o 

1 

! 






24th Nov. 



40 B 

% 


• • 


Do. 

19th Feb. 

87—126 

S6 

» 


• • 


17th Oct. 

30th Jan. 

105 


A 




18th Oct, 

29th Jan. 

103 

13 

# 




Do. 

10th Feb. 

115 

18 A 


m 

• ft 


20th Oct. 

27th Jan. 

99 

18 B 



ft ft 


Do. 

11th Fi3b. 

111 

49 A 



ft « 


27th to 31st Oct. 

3rd MfiTch 

123—127, 

50 B 





Do. 

19th March 

139—143 

51 B 




* 

Do. 

15th March . 

135—139 

53 



, . 

• 

Do. 

22nd March 

142— 146, ■ . 

54 


• 


• 

Do. 

24th March . 

144—148 







Average , 
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IV. Pee-oviposition period at laboratory temperature during April- July 

During April to July the temperature of the laboratory, whieh served as our 
main rearing room, varied from 28° to 32°C., and the range of the pre-oviposition 
period was sixteen to thirty-two days (Table IV). These observations conhrm 
those in the hot house (see p. 193.).- 

Table IV 

Pre-oviposition period at room temperature from April to July 1931 (Temn 

S8-S2 G.) • 

Previous history: Hoppers were bred in cages at room temperature. 


Reference ISTo. 


Date of 
aet( airing 
wings 


Date of 1st 
oviposit ion 


Pre-oyiposition 

period 

(days) 


N 7 b2 


B 43 d 
1 14 . 


2nd April 

6th to 9th April 

27th to 30th 
April. 

27th to 30th 
April. 

6th to 8th May 

6th to 10th May 

6th to 1 0th May 

5th to 10th May 

6th to 12th May 

6th to 12th May 

8th to 13th May 

26th to 29th 
June. 

11th to 15th 
July. 


4th May 
9th May 
26th May 

28th May 

30th May 
30th May 
30th May 
28th May 
28th May 
29th May 
4th June 
28th July 

7th Auiiust 


30—34 

26—29 


28—31 


22—25 

20—25 

20—25 

18—23 

16— 23 

17— 24 
22—27 
29—32 


23—27 


Averaae 
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Tho observations given above, tiiake it abundantly clear that in the adult stage 
of the Desert Locust there is no diapause, in the true sense; in other words the 
rythm of development is not fixed, but is directly dependent on temperature, and 
perhaps also on other environmental conditions. : exposing adults to a teni- 

perature of 86*^ to 40®C., the pre-copulation and pre-oviposition period was reduced 
10 thirteen days or so, and by keeping insects at a lower temperature it was 
prolonged to 141 days and over. 

There is abundant evidence that in nature, in the Punjab, there are tw^o 
distinct broods of the Desert Locust. The audits wdiich emerge during September 
to November, over- winter in this stage, and begin to copulate and oviposit from 
1 ebruary onwards. In certain wazuner paz*ts ol India these processes may start 
earlier. As stated above the earliest recorded date of oviposition for the Punjab 
is 7th February. In the case of this over-winterizig brood the pre-oviposition 
period may be as long as seven months. The aduits that develop from the 
progeny of these over-wintered aduits acquire wings from Aprii onward, and 
their pre-oviposition period is not very long as copulation and egg laying start in 
July. April to September are the months of high temperature and during 
October to Pebruary the temperature is low. Hence it is evident that it is 
mainly tempez'ature that cozitrols the pz*e-copulation and pz'e-oviposition period, 
or in other words, the sexual maturity of the adults. 

It is also evident that there must be individual differences under the same* 
conditions of temperature, since such factors as morphological and physiologicai 
individual variations, food supply, etc., must operate. 


3. Inter ''ovipositioii period 

ScMsiocerca gregana, as is well known, lays a number of egg-pods, at 
intervais. The interval between two successive ovipositions varies. Eegnier 
[1926] observed that the females oviposited at intervals of fifteen to twenty 
days. From his field observations, Bodenheimer [1929] recorded two ovi-- 
positions by the sazne swarm: one at the end of February and the other in the. 
beginning of April. Ballard and others [1982] give one day as the minimum, 
thirty -nine days as the maximum and five to seven days as the normal inteiwaL 
between two successive ovipositions. 


I. Inter-oviposition period op females kept at constant temperatures 
• * (Table V) 

^ The observations made at constant temperatures show that the minimum 
mter-oviposition period is three days at 40^ 36" and .80" C. The variation is three 
to seven days at 40"C (average 4*8 days); three to seven days at S6"G. (average 
4 6 days), and three to twentv-four days at 30"G. (averacre 9*8 davs^ and a 

.n.g!e obssrvtion at,27“C -gave ft, UoJ 4,1™^ “ 


. :,, , ■, ^ : Table ;V ■.■•'■■-■-, ■:- -..-"v.V. : ,.;.l 

Inter -ovi'position period at constant temperatures 

Previous 'History: hoppers bred crowded in thermostats ' at tKa same tem- 
i)erature to which adults wer.e exposed. 7 ’ 






Bates of oviposition 



Reference Ko. 

Tempera 

tnre 

I 

II 

III 

IV 

V 

40 I 

A2 

40"C. 

27t.h Feb. 

(m 

5th March 

2) 

10th March 



'40 11 

A1 ' ' . , 

Do. 

1st April 

4th April 

8th April 



40 11 A1 

Do. 

8th April 

13th April 

... 

... 


-y 6 - 


36«0. 

SOth March 

(1931 

2nd April 

^ 1932) 

5th April 


Average . 

K 2 


Bo. 

31st March 

7th April 




N 1 


Bo. 

lat April 

5th April 




K'3' 


Bo. 

1st April 

4th April 




I 2 


Bo. 

2nd June 

7th June 

... 



III 2 


Bo. 

4th Aug. 

11th Ang. 

... 



A 1 


Bo. 

IBth Oct. 

21th Oct. 




N 2 


Bo. 

18th Oct. 

24th Oct, 

... 


... 

L 61 


Bo. 

1 

5th Feb. 

8th Feb. 

12th Feb. 

j 


2 . 

« • 

Bo. 

5th Feb. 

9th Feb. 

13th Feb. 



1 . 


Bo. 

7th Feb. 

11th Feb. 

16th Feb. 



S '• 

1 « 

Bo. 

ath March 

12th March 

18th March 



20 B 

• # 

80*0. 

' 23rd Jan. 

(1932) 

27th Jan. 

■ 31st .Tan. 

Cth Feb. 

Average » 

29 A 


Bo. 

27th Jan. 

8th Feb. 

23,rd Feb. 

■ 

... 

30 B 

. 

Bo. 

5th Feb. 

13th Feb. 

23rd Feb. 

6th March 

16th March 

80 A 


Bo. 

5th Feb. 1 

10th Feb. 

16th Feb. 

5th March 

1 

29 0 

* ■. 0 i 

Bo, . 1 

7th Feb. | 

i 19th rob. 

! 14th March 

17th March 

... 1 

L 66 

0 # 

jsro. . 

19th Feb. 

um 

2nd March | 


Average 


Inter- 

oviposi- 

tion 

PftHod 

(days) 


7,5 


3,4 


... 

7 

4 
3 

5 ' 
7 

6 
6 

3, 4 

4, 4 

4, 5 ^ 

4.6 
4-6 

4.4.6 
12, 15 

?, 10 , 12 , 1 < 

5, 6, 18 
12, 24. 3 
9^8 


II 

AYerage « 13 


9j 
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II. Intee-oviposition pbeiod of adults kept in the hot house at a 
TEMPBEATUEB VARYING BETWEEN 28 AND 32°C. 

In the adults kept in the hot house, the temperature of which was main- 
tained at 28 to 32 °C., the inter-oviposition period varied from three to twenty- 
eight days, the average being 10-2 days (Table VI). It is interesting to note 
that this agrees fairly closely with, the average for 30°C. constant. 


Table VI 


Inter-oviposition period in the hot house {Temperature 28-32° G.) {1931 & 1932) 

Previous hisionj ; V stage hoppers collected from swarms and bred in the 
laboratory. 


Reference Ho. 

Dates of oviposition 

Tntor-ovlpo- 

sition 

period 

(days) 

1st 

2nd 

3rd 1 

4th 

L 9 . . 

16th Oct. . 

2nd Nov. . 

30th Nov. 

1 6 th Dec. 

17, 28 ,. 10 , 

L . 

12th Nov. 

16th Nov. 

24th Nov. 

28th Nov. 

4, 8.4 

L 21 

16th Nov. 

8th Dec. 

12th Dec. 

, . ■■ 

•22, 10 - 

L 8 . . 

24th Nov. 

1st Dec. 

5th Deo. ♦ 

8th Dec* . 

7. '4, 3 

L 53 

4th Feb. 

12th Feb. 

16th Feb. 

24th Feb. 

00 

m 

, ... .. ; •' • 




Average . 

10-2 
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III.- InTEE-OVIPOSITION PEEIOD at LAB.OSATORY TEMPERATCSB DEBING DEFEBBENT 
■ . MONTHS OF THE YEAE 

In Table VII are ^ven data concerning the oviposition of the females which 
. were kept inside the laboratory, except during February and March when they 
were exposed to the sun for a few hours every day. It will be seen that from 
April to August when the daily average temperature ranged from 30° to 34 °C., 
the inter-oviposition period varied mostly from five to seven days, while in 
Fe>ruary and. March when the teinperature in the . laboratory remained below 
30°G.,. the inter-oviposition period varied from ten to thirty days in February and 
five to thirty-five days in March. Thus while the longest inter-oviposition period 
during Apnl to August was only fourteen days, it was thirty-five days during 
■February and March. 
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Tablb 




Inter-oviposiiion period 





:-v 



■ Bates of uvipositiou. 

rence 

Pretlotis 

histoi5’ 







• li-- ' ® 


Ist 

2M 

Srd 

4th 

5th'" "" 

6th ' 



27th Jan. ,f 

l*8th Feh. . 

i . 

•4lh March . 

mb March . 

2l.st March"'" .■ 

Slfit'March ' 

-■la . 

JTo, S 

<D 

; '5 ' 

20th Jan. 3 

28th Febi 

4th April . 

13th April V 

.... ' ' 

35 

i 

30th Jan. 

l2th Feb. , 

26 th Feb. . 

8th March , 

19th March , 

24th March . 

Ko. 13 

Si 

10th Feb. . 

26 th Feb. . 

11th March . 

29th March . 


... 

18 B 

3 

«et 

lith Feb. . 

6th March , 

? 

7 

24 th Much . 

»•* 

48 A 

g 

18th Feb. . 

l2th March . 

24th March , 

29th March . 


... 

40 B 


19th Feb. . 

7th March . 

27th March , 

Srd April . 

17th April . 

»*« 

47 A 

Is 

23rd Feb. . 

I4th March . 

24th March . 

1st April 

6th April . 

10th April 

30 A 

*o 9 

24th Feb. . 

9th March . 

19th March , 

27th March . 

7th April . 


41 


26th Fob. . 

9th March . 

1 9th March . 

29th March . 

12th April . 

... 

47 B 

S3 

o 

o 

27th Feb. • 

l4th March . 

21st March . 

26th March , 

Ist April 

6th April 

46 B 

1 

7th March . 

I6th March . 

27th March . 

... 

.4. 


51 B 

1 

«£3 

l6th March . 

29th March . 

3rd April 



... 

40 A 

<t> 

I5th March * 

Srd April . 

9th April 


! 

... 

SO B 

~s 

m 

1 7 th March . 

23rd March , 

2Sth March . 

3rd April 

9th March . 

**• 

SO B 

S 

PQ 

lOth March . 

26th March . 

6th April 


... 

... 

53 

22nd March * 

27th March . 

4th April 


... 

... 

54 


24th March . 

Slat March . 

4th April 


... ■ 

.N.. 

I OA 

■fi a 

26th May 

2hd Jun# . 

... 

... 

... 

... 

I 7 

«g 

28th May • 

5th June 





I 11 

•pjs 

20th May 

5th June 





1 12 

oh 

« 

■c > 

30th May • 

3rd June 

«<» 

... 

»*. 

... 

114 


24th Jnno . 

28th June , 

6th July 

10th July , 

... 


Q 14 


11th July • 

19th July • 

... 

... 


... 

a 4 

Ckii 

oh 

23rd July . 

28th July .. 

... 

... 

... 

... 

I 11 


.3rd August . 

8th August *. 

.... 


... 


I 15 

1 

7th August . 

15th August. 

... 

... 

... 

... 




SXUBIES OK SCBlSTOCEnCA GIUSGAmA, U 


at room temperature {1931) 


later-oviposition poliridd 


28 th March 
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s r,t“d 

ture increases progressively from montli fr, rv,,^ As tempera- 

,mder o„„diti„„, oggo ye,/;„ely S du4 Sy td’Juoo 

../ip 0 rtL:;s 


Table Vm 

(«-) - ™o» 



1 

Average 



Montli 

room 

tempera- 

ture 

CC.) 

Individual observations on in- 
ter- oviposition period 

Average 

Febniaty . * 

12‘2 

to 

14*5 

rVVVfe^’ 

17*0 

MiAreii ♦ , 

19-3 

to 

22- Q 




Ifl' TO ’ik' f* 

It, 14, e, 8, 7. 

10 -6 

April . . . 

• 

26*6 

to 

30-0 

i^* ®’ 1^' S. 

4, 6, 5, 5, 8, 11, 5, 4, 

6*S 

• » . . 

■ ' 28-2 j 

8 , * 



to 

* 

' 7*5 


33*3 



June * 

31-2 




^f S, 4, 7 . 


" ■ ., . i 

• ■ , ■ • - .. , ... |., . 

to 

34*2 

' '• <» ^ 

«-7 

July . . ^ 

29*5 

4, 6, 8 , 



to' ' 


5-7 


. 32-0 



August • . . , 

32-7 

AS . 



to 


6*5 


33'7 
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IV* Winter intervening between two ovipositions 

We were exceedingly fortunate in obtaining two most interesting records of 

??ible S %tlT% once before winter and again ffter J^ter 

(1 able IX) These two females acquired wings in August-September and laid 
their hrst cluster ot eggs in October 1930, and after a period of 90 days and 125 
days, laid their second clusters in January and PebLry 1931 These two 
instances further indicate the influence of low temperatme in prolonaSo- ^ 
mter-oviposition period. Whether a similnr. ™ Prolonging the 

worth investigating. Once again this obser^^ation provrs°that\er” ™ 

in the adult stage and that besides othLlcW C f 

the control of processes connected temperature is responsible for 

Table IX 

Inter-cvifcmcn fericd froUng.i iy tu intervation of 


Experiment 

No. 


1st ovipo.sition 2nd oviposition 


Inter-oviposition 
period (days) 


15th October 1930 . I7tb February 1931 
„ „ . 23rd January „ . 


fct bataac. tool ttee to "ZflT “ 

oviposition period is determined hv nfhcx ^ • x Undoubtedly the inter- 

temperature ig. not without marked influerce°''^’ir-^™^-/’^! eternal, although 
fall in temperature this period is lenethened f u m case of a 

titCMOMTe batches of eggs may be laid at shor't bfarvaS. '‘*“1’“'“”“ 

, room tbeb ?bset.«Z'^t4rw“'’Ld'r’^ ,d ■ 

successive ovipositions by the same fAmflirx v i Eegnier admitted eleven 

.ions as not impossible " BodSlirts TSd 't““i ’Tf‘ 

^fa^mTr ^ 

and 40"C., the totVoei^SioI was** '** b“*)i i-t., 86"0. 

number of egg dusters Ins oifly thret shortened and the maximum 

monr- wemheSed^i^iS 


9 
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Numerous observations were made at room temperature (Table VI). The 
maximum number of egg-pods laid' by the same female, that we have recorded, 
was eleven, from an over- wintered individual, which finished its oviposition before 
the laboratory temperature rose above B0°C. From June to August, however, 
when the laboratory temperature usually remained above the number of 

oviposition was greatly reduced, the maximum being three. This confirms 
the results obtained in the constant temperature incubators. 

5* Oviposition 

I . Oviposition at high som temperature 

There is no previous record of observations on the influence of soil temperature 
on the behaviour of female in boring into the soil and ovipositing in it. To find 
out the highest soil temperature at which oviposition could take x}iaee the follow- 
ing experiment was performed: — 

A rearing cage (Fig. 2) with three storeys was prepared. The uppermost 
portion (A) was 8 in. x 8 in. x 10 in., three sides and the top of whieh were of 
wire gauze. The fourth side was a glass door. The locusts v^ere kept in this 
portion. The middle jportion (B) had the same dimensions as the upper portion 
but all the four sides were enclosed with ply- wood sheets; in one of the sides 
holes were provided for inserting the thermometers (th). This portion was filled 
with sandy soii(s), for purposes of oviposition. The lowermost portion (C) was 
5;5 in. X 5*5 in. x7 in. and was made of ‘tin’. One of its sides had two holes. 
The upper one (a) for the escape of steam and for replenishing the water lost 
through evaporation, and the lower one (b) carried a cork and a glass tubing 
wdiich served to indicate the level of 'water in the tin. 
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Between the lower and the middle portions there was a wire-gauze partition 
supported bj wooden frame-work. The soil in the middle portion was placed in 
constant contact with the water (W) in the lowest portion by means of cotton 
wicks(w). As the water in the soil evaporated, the loss of moisture was made 
good hj water sucked up by capillary aption through the wioks, The water was 

9 A 
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heated by an electric heater(H) placed at the bottom of the cage. Thus the soil 
was maintained at an appreciably higher temperature than the top portion A. 

It was found that a female could bore into the soil when the surface tem- 
perature was 4200., and the soil temperature at the depth of three inches, where 
the egg-pod was laid, was 480C. None of these eggs, however, hatched out 
(Table X). It would be interesting to perform further experiments along these 
lines. ; 

Table X 


Oviposition at high soil iem.perature 






Temperature in cage in Centigrade 

Soil 

Date of opposition (1931) 

Depth 

of 

bore 

in 

inches 

Air 

Soil 

surface 

Soil 
at 2*5 
in. 

Soil 
at 4*5 
in. 

tempe,rature 
at the 
depth of 
egg- pod at 
the time of 
ovif,>osition 

“re.) 

22nd June 

, 


2'5 

36 

42 

45*5 

55 


12th August . 

• 


4 

34*5 

37*5 

42-5 

51 * 5 

. . 

26th „ 

• 

* 

4 



44 


45 

21st September 

• 



31*4 

32*2 

43*4 

52*8 

44 

20th — 2 1st Oct, 



2*5 

28-4 

30-8 

46*2 

55*8 

, . 

23rd Oet. 



2*5 

32-4 

33 

40*8 

58*4 ' 

V * * 

27th Oct. 



3*2 

29-8 

30*4 

41*2 

51*8 

i ' . * 

18th Hov. 



, 2*5 

27-4 ^ 

31*2 

39 

46*4 

j 4:0 

21st ISTov. , . 



3*5 

28*2 1 

30*4 

39*8 

51-4 

42*5' 

23rd Nov. 



3 

... I 

38 

45 y 

;56 , 

46' 

26th Nov. 

* 


3 

25 1 

30 

46*5 

59 

i 

. "',48'„' 

28th Nov. 

• 


3-2 

28 

30 

41 

' 50 


13th Nov. 

• 

• 

2-5 

27 

30 

42 

50 ' 1 

'42 


Nyi’E, — Eggs did not hatch in any case. 
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11. OVIPOSITION AT LOW SOIL TEMPERATURE 

To study the influence of low soil temperature on oviposition the following 
experiments were performed: — 

A wooden cage 24 in. x 24 in. x 12 in. was filled with sandy-loan soil upto 
six inches. In the centre of this cage a metallic jar about six inches in diameter 
and six inches in depth was buried in the soil. This was always kept filled with 
ice. This arrangement gave us a series of soil temperatures ranging from about 
0°C., next to the ice jar, to 30OC., in the farthest corners of the cage. The 
temperature of the soil was recorded by a series of thermometers inserted at 
regular intervals from the cooling vessel, the bulbs being placed at 3-4 in.— 
the usual depth at which the eggs were laid. A number of mature pairs w'as 
placed in this cage. It was noticed that ail the thirteen egg-pods laid were 
deposited in the four corners of the cage, i.c., farthest from the cooling vessel 
(h’ig. 3). In these places the temperature ranged from 25-5° to 28-8°C. The 
details of this experiment are given in Table XI. 


Table XI 


Oviposition at low soil temperaturo {Figs. 3 d 4). 


Date of oviposition (1931) 

— — 

Distance from 
centre 
(inches) 

Depth to the 
bottom of pod 
(inches) 

Temperature 
at the time of 
oviposition 
(°G.) 

2nd July . 

Experm} eni 1 

10 



7th July . , ; ^ 

9*5 

3 25 

* * 

11th July . . . 

10-25 

3 

■ 28* ' ■ 

28 -O: ■. ■ 

29 

26 

11th July . 

10-0 


11th July. . 

11 


15th Juiv . 

10-5 

3 •75 

17th July , . , . 


18 th July 

■ ■’■*9-5 . ■ 

" ■ ■ 2*'5, 

28 

25-5 

14th Aug. .... 

Experiment II 

1 

2*7--' i 

! 21-5 

21-0 

20-0 

23-3 

14th Aug. 

.7.- 

3*8 

15th Aug. . . . ; 

19th Aug 

7 ■ 

6-5 

2 
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Fig. 3. Cross-section of the cool cage. 

A := Cooling vessel, B=:Soil available for ovipo.siiioii. 
0= Places whei’e eggs were laid. 


This experiment was further modified with a view to force the females to lay 
eggs at a still lower temperature. With this object access to the more distal 
parts of the soil was cut off by covering it with a tin sheet. Thus only a 
circular band of soil was left exposed (Fig. 4). In this case also the eggs 
were laid farthest from the cooling vessel along the circumference of the soil 
exposed. The lowest soil temperature at which we obtained eggs was 20°G. This 
would appear to be the lowest limit, as it approaches the developmental zero of 
the various stages of this insect. Further observations are, however, necessary 
to fix the lowest limit definitely. 



Studies on scBiSTocBBCA gregaria, it 


Fig. 4. Cross-section of cool cage (modified). 

A =■. Cooling vessel. B = Soil available for oviposition. 

C = Soil covered over with tin sheet. 

0 = Places where eggs were laid. 

6. Incubation 

rhe incubation period for the eggs of Schistocerca gregaria has been recorded 
by various investigators, and the available data are summarised below: 


Investigator 


Country 


Incubation i)eriod 


Tosseler 
Gough (1915) 
Bucher (1915) 
Begnier (1926) 
Telenga (1930) 
Bodenheimer (1930) 


South Africa 

35gypt 

Palestine 


16 — 18 days, 

16 — 30 days, 

4 weeks (28 days), 
16 — 40 days, 

3 weeks (21 days). 

30 days in Feb. and 
March, 14 days in 
May, 


Palestine 
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Observations of various investigators in the Punjab, under natural conditions 
place the incubation period at three to four weeks in winter, and a fnrtni<dit in 

simimer. " " ® " 

given a statement of tlie ioeubation i) of 

eggs laid diiririg different months of the year which we quote below: 


Months of ovipoasition 

Average incuba- 
tion period 
(days) 

; Month of hatching 

Mareli . 


43 

1 

; April — May 

April 


31 

j 

1 A|)rih.-.e,]|fay 

May 


21 

j Ma3'"— June 

August . 


23 

1 August— 8tq:>tember 


September 

November (without winter diapause) 
November 


December 

Jarmarjr 

Februarv 


f- Winter egg diapause . 


31 

19 

106 

95 

79 

67 


Sept. -Oct. -November 
November 
Febmary-^Marcli 
March 

Mareh—April 

April 


Unfortunately no mention is made as to whether the cages were keiit in a 

of the shrirtwhicrtl “y “formation concerning the temperature 

ot the soil m which the eggs remamed. It is, however, evident that these egas 

mSsri " ‘ temperature, and perhaps also of Si 

the saree eond Sr of tZ^a ’‘'’“l ‘‘■““S'" 
to hs only tivelve days. meabat.on penod was found 

I. Incubation of eggs at constant temperature 

co.sSt“tSS' trlCpu ‘t SSf l"^“* 

oviposition 4., washed In 4^“:. 'r and SLT 

roll, in glass tubes, dhese tubes werltit” £4"sTS Tf 

turea. In sonre cases the h,n.pe,ature was oo.slant, while in 


stuMes on sbkiSToahkcA GitEGAitiA, li 


^11 


sucli as the multiple incubator, it varied within a few degrees. Similarly there 
was variation m the temperature of the cool cage described above. Our data of 
mcubation at diherent temperatures are not complete: we have had numerous 
failures in these experiments because of the fungi and nematodes attacking 
the eggs. 

(a) Threshold of development 

To determine the minimum temperature at which development of 
Schistoceroa gr eg aria eggs could take place the following experiments were per- 
formed. Two batches of eggs laid on 28th Feb. 1934, at eleven and thirteen 
hours, by two different females, were left in the soil of the cage at room tem- 
perature (18-21°G.) till twelve hours the next day. On 1st March, 1934 they 
were taken out, washed with water and placed in dried sterilized soil, which was 
then moistened with sterilized water. Five eggs were placed in each tube and 
eleven tubes were set up. The mouths of the tubes were sealed with wax-paper 
and wax. These tubes were placed in different compartments of the multiple 
incubator at sixteen hours on 1st March, 1934. The incubator worked satisfac- 
torily till 4th April, 1934, when the low-temperature incubator went out of order, 
and all the tubes in which hatching had not occurred were transferred to a 
(Constant temperature thermostat working at 35° G. The details of this exneri- 
ments are given in Table XII. 



Table XII 

First set : the threshold of development of Scliistocerca gregaria eggs 
Reference No. LiUf28th Feb. 1934. Eggs laid on 28th Feb. 1934. Experimlt set up on 1st Mar. 1934 
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Besides the above-mentioned two sets of experiments, three more sets on 
similar lines were arranged. Unfortunately none of the eggs in them, including 
the control, hatched. 

At a temperature of 20-21‘’C. the incubation period was thirty-one to thirty- 
two ds^jB {plus one day at room temperature, 18-21*0.). At the other three tem- 
peratures, i.e., 18°-19*C., 16*-17°C., and approximately 13*0., the eggs 

remained for thirty-four days without hatching. After this period the 
tubes were transferred to 35*0. It is interesting to note that in the ease 
of tubes kept at 18*-19*G., the eggs hatched out after seven to eight days- 
incubation at 35*0., showing that some development had , taken place at 
18*-19*0. In case of the tubes at 16*-17*0., and 13*0., a period of eleven to 
thirteen days incubation at 35*0., was necessary for hatching. From this it is 
evident that no development had taken place at these low temperatures. We 
thus conclude that the threshold of development is somewhere between l?'^ and 
18*0. 

At 35*0., the normal period of incubation is twelve days (Table XIII). The 
additional time taken by tubes kept for thirty-four days at 18* -19*0., is equal 
to 7*2 days at 35*0. One may conclude therefore that about forty per cent 
of the development had taken place at 18^-19^0., before these eggs were trans- 
ferred to 35*0. From this it may be calculated that the incubation period at 
18*-19*or 18:5*0., would be:-- 

34x6/2=85 days. 

{h) Incuhation period at constant temperatures 

The results of experiments on the incubation period at constant temperatures, 
controlled by electric thermostat, are given in Table XIII (A), and those at tem- 
peratures controlled by multiple incubator with a variation of approximately 
1*5^0. are given in Table XIII(B), Time-temperature and temperature- rate 
curves based on Table XIII are shown in Fig. 5. The observations carried out 
in the multiple incubator are indicated by cross ‘x* on the index line. It will 
be noticed that while these crosses do not lie exactly on the index line, they 
follow more or less the same course, the variation being due to the less co-nstant 
temperatures in this case. From these data we arrive at the following general 
conclusions:— 

Below 20*0., we did not get any hatching although some development went 
on even at 18-19*0., as indicated by experiments on the threshold of develop- 
ment. The theoretical threshold of development (Fig. 5) lies at 16*0. 

At a temperature varying between 20* and 21*0., the incubation period was 
thirty-one to thirty-two ( + 1) days, between 20*5* and 23-8*0., it was twenty- 
eight to thirty-one days, and between 26^5*0. and 28 • 8*0., the incubation period 
was eighteen to twenty-one days. At 33*0. and 35*0. constant it was twelve to 
thirteen days and at 40*0. it was about eleven days. The shortest incubation 
period recorded was nine days at a temperature varying between 43* and 46*0,, 
in the multiple incubator. It may be stated that our multiple incubator did 
not work very satisfactorily and the temperature varied considerably. Ordinarily 
we did not get any hatching above 43*0., and the higher temperature of 46*0., 
in the above experiment must have been for a very short duration. 
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(c) Vital limits for the eggs 

The eggs exposed to 10-15 ®C., during the night and above 20°C., during 
the day hatched out successfully. The low temperature completely inhibits 
einbryonic development, but the embryo is not killed even if the low tempera- 
ture prevails for several hours. Eggs exposed to a temperature of about 13° C., 
for thirty-four days retained their viability and when subsequently exposed to 
35°C., hatched out in eleven to twelve days, which is the normal incubation 
period at that temperature. It is not possible to confirm the statement that 
exposure to low temperature accelerates development [Parker, 1930]. 

To determine the upper vital limit, one to two days old eggs were removed 
from the soil in which they had been laid, washed in distilled water, and placed 
for a definite period on moist sterilised cotton or sand at the required tem- 
perature, and then removed and incubated at 30-33 °G. (Table XIV). These 
essentially preliminary experiments show that the eggs kept at 46°-46.5°C., 
for two hours retained their viability, while those exposed to 47°-47*5°0., for 
two hours did not develop. Again, an exposure of eigh thours to 46°-46* »5°C., 
killed the eggs. Eurther observations are necessary to determine definite limits 
of temperature and duration of exposure. 
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Table XIV 


The itpfer vital Imiit of temperature for the eggs 0 / Schistocerca gregaria 1931) 
R,8ference No. , . . . . . LIO 

Date of oviposition . . . . , 18th Nov. 1931. 

Date of removal and experiment , . . 19th Nov, 1931, 


Reference 

No. 

Date of 
oviposition 

Date of 
experiment 

No. 

of 

Temp, to 
which expos- 
ed (in °G.) 

Period of 
exposure 
(hrs.) 

No. of 
hoppers 
emerged 

L8 . 

24th Nov. 

26th Nov. 

10 

00 

I 

24 


Q] . 

1st „ . 

2nd Sept. . 


48 •5—47 

4 


L8 . 

24th „ . 

26th Nov, 

10 

48— 47 -5 

2 ■ 


LIO . 

18th „ . 

19th „ . 

10 

47-5—47 

8 


LIO . 

I8tb „ . 

19th „ . 

10 

47.5_47 

2 


L8 . 

24th „ . 

26th „ . 

10 

47—46-5 

24 


L8 . 

24th „ . 

26 th ,, 

10 1 

47 . 5--.47 

2 


QA7 

31st Aug. . 

2nd Sept, . 

1 4 

47—43 

10 


LIO . . 1 

1.8th Nov. 

19th Nov. 

10 

46 . 5_.46 

8 

i 

LIO . 

18th „ . 

1 1 9 th „ . 

10 

46-5— 46 

2 

. 5 

Q1 

1st Sep. . 

2nd Sep. . 

4 

i 46—45 

1 

2 ' 

: 

1 3 

I 

Q1 . 

1st „ . 

1 2nd „ . 

4 

1 45— -44 

1 ^ 

, 3 

QA7 

31st Aug. . 

1 2nd ,, . 

4 

1 ' 

44—43 

2 

2 

QA7 . 

Slsi „ . i 

2nd „ . 

1 

4 

I 42-5-41-5 

i 3 

1 

3 


iJ. Incubation period at alternating temperatures 

An exponmcnt was coiiductBcI in which freshly laid e§^s from the same 
egg cluster, were transferred into moist sandy loam in four different tubes. Tube 
No. 1 was kept at 37“ C., tbrougbout the incubation period. No. 2 was kept 
for two days at 25“ C., and the remaining period at 37»0., tube No. 3 was kept 
f temperatures between 33“ and 37“C., and tbe remaining perih 

tJUPn’ 20“(:'.., four days at 

remaining period at 33“.37®. The results are giyen in 

iable Xy, 



Effect of alternating temperatures on incubatioyi period 
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The eggs took thirteen, fourteen, fifteen and fifteen days, respectively to 
hatch. 

By arranging the duration (in days) of each tube under each temperature 
wo get the following figures: — 


Tube 

No. 

30“_37°C. 

25°— 27°C. 

20°C. 

Total incubation 
period (days) 

1 

13 



13 

2 

12 

2 

■ 

14 

3 

10 

5 

■ . . 

15 

4 

9 

4 

' 2 . 

15 


III. Incubation period under varying temperatures in breeding cages 

KEPT in open 


^o simulate natural conditions two breeding cages 9 in. x9 in. xl8 in., the 
lower portion of which contained sandy-loam soil with glass on four sides 
and the upper portion surrounded by wire-gauze, were placed on the roof of 
the insectary building, after eggs had been laid. This experiment was con- 
ducted during August, 1931. Daily records of soil temperature at the place 
of egg-pod and air temperature inside the cage at 7 a.m., 12 noon and 6 P.M. 
were maintained. During day time these cages were exposed to the maximum 
solar heat and during night to minimum air temperatures. The incubation 
period in both cases was thirteen days. Field observations during this period 
showed that the incubation period was about eleven days. It is evident from 
the record that during certain portion of the day the eggs were exposed to a 
maximum soil temperature of 43-8°C. (Table XVI). 


Tempemture Teeo<Fd pC*) m cages kept in the open 
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Bate of hatchiDg — 28th August 1931 Date of hatching— 29th August 1931 
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IV Incubation period at loboratory temperature during different months. 

Observations on the dates of oviposition and hatching were recorded in a 
very large number of cases kept at laboratory temperature. The results are 
presented in Table XVII, and the temperature record in Table XVIII. 
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Incubation period (days) at room temperature during different months {1931) 

Previous History : Hoppers of V stage collected from a swarm and adults bred one pair in each cagd. 


January — ^^larch 


Febraajy—April 


Oviposition 

Hatching 

Incubati 

period 

Oviposition 

Hatching 

[ Incnbati 
period 

9th Jan. 

14th Feb. . 

36 

2iid Feb. . 

1st Apl. . 

58 




3rd „ . 

22nd Mar. . 

47 

14th „ . 

11th „ . 

28 

4th „ . 

24th „ . 

48 

23rd „ . 

11th Mar. . 

47 

6th „ . 

30th „ . 

62 

27th „ , 

25th Feb. . 

29 

10th „ . 

1st Apl. . 

50 

28th „ . 

25th Mar, . 

56 

11th „ . 

SOth Mar. . 

45 

30th „ . 

27th „ . 

56 

12th „ . 

28th „ . 

44 

SOth „ . 

26th „ . 

54 

14th „ . 

5th Apl. . 

50 


1 


16th „ . 

1st „ . 

44 




18th „ . 

28th Mar. . 

88 




19th „ . 

2nd Apl. . 

41 




21st „ . 

29th Mar. 

35 




21st jj » 

2nd Apl. . 

40 




26th „ . 

2nd „ . 

85 




28th „ . 

1st ,, . 

32 




28th „ . 

8rd „ . 

34- 



March 

—April 


Date of 

o 

Oviposition 

Hatching 

Incubati 

period 

2nd 1 

Aar. 


27th Mtir, . 

25 

4th 

9S 


2nd Apl. 

29 

4th 

j> 


8th „ . 

35 

7th 



11th „ . 

35 

7th 

jj 


8th „ . 

32 

11th 



10th „ . 

30 

11th 



6th „ . 

26 

15th 

9) 


loth )j . 

31 

15th 

j> 


11th „ . 

87 

16th 



13th „ . 

28 

17th 

19 


20th „ . 

34 

18th 

a 


16th . „ . 

29 

21st 

JJ 


14th „ . 

24 

23rd 

99 


18th „ . 

26 

23rd 

>j 


14th „ . 

22 

24th 

JJ 


22nd „ . 

29 

24th 

JJ 


16th „ . 

23 

24th 

JJ 


16th „ . 

22 

25th 

JJ 


14th „ . 

20 

26th 

JJ 


17th „ . 

22 

26th 

>j 


17th „ . ; 

22 

28th 

JJ 


12th „ . 

15 

28th 

JJ 


1st May . 

34 

29th 

i> 


19th Apl. . 

21 

29th 

JJ 


18th „ . 

20 

81st 

JJ 


19th „ . 

19 

31st 

JJ 


18th „ . 

18 

31st 

. 

JJ 


19th ,, . 

19 


April — ^May 


May — June 


June-'-July 


e of 

-n 

Date of 


Hatching 

f -o 
a-s 

o <a 
fl P» 
w 

Oviposition 

Hatching 

Incubati 

period 

19th Apl. . 

18 

4th May . 

24th May . 

20 

21st „ . 

20 

9th „ . 

28th ,» . 

19 

21st „ . 

20 

28th „ . 

8th June . 

11 

18th „ . 

16 

29th „ . 

11th „ . 

13 

21st „ . 

18 

29th „ . 

11th „ . 

13 

24th „ . 

20 

29th }} . 

11th „ . 

13 

25th „ . 

22 

29th fy * 

11th „ . 

13 

20th „ . 

16 

30th „ . 

13th „ . 

14 

22nd „ . 

17 

30th „ . 

15th „ . 

16 

22nd „ . 

16 

Both ff * 

13th „ . 

14 

25th „ . 

19 

30th ff » 

14th „ . 

il6 

25th „ . 

19 




SOth „ . 

24 



. 

23rd „ . 

16 



i 

22nd „ . 

12 



! 

5th May . 

25 




1st „ . 

18 




11th „ . 

25 



1 

i 

12th „ . 

14 



i 

1 


20 2nd June . 

2nd „ 

19 

I 4fch „ 

i 11 

4th „ 

13 

1 4th „ 

I 13 

5th „ 

13 

6th „ 

5th „ 

I 5th „ 

16 

5th „ 

I 14 

I 5th „ 

15 

5th „ 

I 5th „ 

I 6th „ 

I 9th „ 

I 9th „ 

I 12th „ 

i 25th „ 

I 26th „ 

1 28th „ 


21st June 
15th . 
18th „ 
15th „ 
18th „ 
19th „ 
19th „ 
17th „ 
17th „ 
17th „ 
17th „ 
17th „ 
19th „ 
16th „ 
23rd „ 
23rd ,j 
26th „ 
8th July 
6th „ 
12th „ 


July- 

—August 


August — September 

September 

Date of 

d 

n 

Date of 

a 

Date of 

0 

Oviposition 

Hatching 

Incubati 

period 

Oviposition 

Hatching 

1 Incubati 
1 period 

Oviposition 

Hatching 

Incubatic 

period 


October — November 


19 10th July . 20th July . 10 

13 28th „ . 10th Aug. 13 

14 


3rd Aug. 
7th ,, 
8th „ 
10th „ 
10th „ 
15th „ 
26th „ 


15th Aug. 12 4th Sep. . I 20th Sep. .16 18th Oct. . 2nd Nov. 


20th „ 
22nd „ 
22nd „ 
22nd „ 

I 2Sth „ 

1 8th Sep. 


13 4th 

14 


16 24th 
24th 


Incubation 

period 
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Table. XVIII 


Jnseciary room temperafAire (1931) 


■ Period 

Maximum temperature 

Minimum temperature 

.From 

To 

Highest 

Lowest 

Average 

Highest 

Lowest 

Average 

14 th Jam. 

11 th Feb. . 

16-1 

11'6 

14*08 

15-5 

10-0 

13-04 

1 'l.tli Feb. ' : . 

17 th Mar. , 

21-6 

13*5 ■ 

16*55 

20*0 

10-5 

14*04 

Slst.Mar. . 

ISth Apr. 

„ SO -0 

28-0 

29*95 

27*0 

25*0 

25*;86 

18 th. Apr, 

14 til May 

35 ’0 

20*0 

32*57 

30*0 

26*0 

27 *'67 

6 th June 

16 th July 

37-0 

27-0 

33*63 

34 * 4 

24*4 

30' *02 

10 th July . j 

: 14 th Aug. 

36‘6 

2 S -5 

30*80 

35*5 

27*0 

29*11 

6 th Aug. . ! 

ISth n 

30-1 ^ 

I- 33*3 . 

34*13 

35*5 

32*7 

31*80 

iSth ... i 

I 7 th Sep. . 

i 35 m : 

28 * 5 -: 

31*22 j 

34*4 

28*0 

30*65 

10 th Sep. . : 

2 nd Xov. 

26-3 

i 22*4 ' 

23*28 j 

24*1 

21*4 1 

22*30 

2 nd Xov. , : 

lltlTDee, . 

1 23*0 

iS'i : 

20*47 1 

1 

21*9 


19*35 


From January to the first week of Mareii these cages were placed in the 
snii during the day and in the laboratory at night. Thus the egg-pods 
e?en laid at the same time were exposed to different temperatures. When 
the cages w<‘re placed in tlie sun, the eggs laid nearer the f'leripliery of the 
cages received a greater quantity of heat ; again, the side of the cage facing 
the Klin got hotter quicker. Perhaps all. the egg-pods were not at the optimum 
soil moisture. For tliese reasons we find considerable variation in the incuba- 
tion period of eggs laid at about the same time. Similar circumstances per- 
haps explain vnriationg in Ballard *s fU)32] experim.e,nts. The average figures 
of each month are, however, quite significant. 

In daimary-Fidiriiary the average kieiil>atian period was forty-three days 
in Alarch 25*0 days, April lB-7 days, from May to August eleven to fourteen 
day.s, Heptemher sixteen diivs and in Octoinn' 17*3 days. There was no 
civiposition in Novem!a:T and December. . ' * . 

Diiritig the summer months (May to August) the .incubation period was 
cloven to fourteen days, which agrees with the incubation period at constant tem- 
peratures between 33® and 40*0, 

It may be mentioned here that at Lyidlpur,- during January. and Febru- 
ary, ovipositkm and haiehing would not have taken place if the cuiges had not 
been placed in the sun during day time. In all cates where the cages 
were left at the room temperature, no oviposifcion took place, 
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As already mentioned, Ballard and others [1032], workiii, 
the following incubation periods (days): — 


November 

December 

January 

February 


It would appear that the soil temperature in these cages was below the 
developmental zero, most of the time. We do not agree with Bullarii and 
his co-workers that the extended incubation period, winch thc?y obtained in somr* 
of their cages, during November-December, represented tlu* wiuier <lia|tause. 
We use the term ‘diapause’ in its true sense of a fixed rhytinn j Tvarov, ^1928]. 
It is interesting to note that in Ballard’s experiments the eggs laid nn Novem- 
ber 6th, 1929, hatched after an meubation period of just ninett‘en dtt\s. while 
for those laid on November 24th, 1929, i.e., eighteen days later, the iiicnbation 
period was 116 days. As happened in our cages, Ibailardh cagns also 

probably exposed to very different conditions of toTn|>oratnre and |>osMhly 
humidity. 

7. Duration of larval period 

The duration of the larval period studied by different Invcstsgalors in 
different countries has been given by Bodenheimer [1920] as hdlows : (To these 
we have added Ballard’s figures): — « 


Larviil 

diimtioti 

(days) 


Oountiw 


Author 


East African Steppes 
East African Mountains 


Vosseler 


Sudan 


Algeria 


L’ellement 


Morocco 


Regiering 
Gough . 


Egypt 


Palatine 


Bucher 


Palestine 


Bodenheimer 


Ballard and <'»th6rs 


ON SCElBWCmCA . GkmARIA, li 


^2-? 

From this it appears that the minimum larval duration, so far observed, is 
thirty-seven days and maxunum 15B days. During the course of our study 
we have seen that the duration of the hopper stages varies with the q^uality 
and quantity of food, temperature, humidity, etc. It is, therefore, quite con- 
ceivable that wide variations may .occur in cage experiments. Numerous 
observations in the field show that under natural conditions the two broods have 
very different larval duration; the summer brood taking about three to four 
weeks only and the spring brood (progeny of over-wintered adults) requiring six io 
seven weeks. This evidently directly depends on temperature. 

I. Dueation of the larvae stages at constant temperatures 

Three sets of experiments were performed in which hoppers were reared 
at the following constant temperatures: 24®, 27®, 30®, 33®, 36®, and 40°0. 
The conditions of the experiment may be briefiy described thus : The cages 
employed were cylinders, made of brass wire-gauze (100 meshes to an inch), 
six inches long and two inches in diameter. These cylinders were closed at 
one end, and at the other end they were provided with a split cork through 
which the leaf of the food-plant could be introduced into the cage. In aU these 
• experiments young cabbage plants growing in earthen pots served as food. ITks 
cages were placed over living plants in pots, and the pots with the cages 
kept in thermostats at the required temperature. The hoppers had, 
therefore, an abundant supply of food available. The stage and conditions of 
hoppers were recorded at 8 a.m. daily. The data regarding the duration of the 
various stages at different temperatures, and mortality are given in Table XIX, 
and summarized in Table XX. At most temperatures four different cages 
were under observation and the number of hoppers reared at each temperature 
was not less than thirteen and in some cages the number was nineteen. The 
uniformity in the duration of a particular stage at each temperature . is very 
significant | 
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Table XIX — oontd. 


History of hoppers at different constant temperatures 
(Experiment II. Reference No. P74 ] 



dTC, 


30°C. 


Datx3 

14th 

Jan. 1933 

15th 


16th 

SJ 

i7th 

>» 

18th 

99 

19th 

99 

20th 

99 

21st 

99 

22nd 

99 

23rd 

99 

24th 

99 

25th 

99 

26th 

99 

27th 

99 

28th 

99 

29th 

99 

30 th 

99 

31st 

99 

1st 

Feb. 1933 

2nd 

99 


Days 24^0. 27°C. 


3rd 
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Table XIX — contd 


Date 


IV (2) 
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Table XIX —contd. 


Date 

Days 

24°C. 

27°0. 

30°C. 

33°0. 

36“0. 

28th Feb 1933 


* 

45 






1st Mar. 1933 . 


46 


A (2) 




2nd 

>» 



47 






3rd 




48 






4th 




49 






5th 




50 






6th 

» 



51 






7th 

9> 



52 






8th 

99 

• 


53 






9th 

99 

• 


54 






10th 

99 

• 


55 






llth 

99 

• 


56 






12th 

99 

• 


57 






13th 

99 

« 


58 






14th 

99 

« 


59 

1 






15th 

99 

• 

# 

60 






16th 

99 

« 


61 






17th 

99 


m 

62 






18th 

99 

• 

• 

63 

A{1) 





Duration of hopper 
stages (days). 


63 

46 

! 

! 

31 

i 

26 

21 
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Table XIX — contd 


History of hoppers at different constant temp era tures 
(Experiment III- Keferenee No L 276 ) 


Date 


IIT (0) 


III (4) 


IV (6) 


in (4) 
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Table XIX — contd. 


Date 


' ■' 


] 

Days i 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


37 


38 


39 


40 

. 

41 


42 

• 

43 


44 

* 

45 

46 
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Table XIX — conid, 


Duration of 1 
stages in days. 


Table 
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A second series of experiments was arranged in which hoppers were reared 
. in glass jars covered with muslin, and were examined four times during t!ie 
day, i,e.f at 7.0, 12.0, 16.0 and 21.0 hours, when food was changed, thereby 
securing a fairly high degree of accuracy regarding the exati tiua* of moulting. 
In Table XXI the period under each stage is given as the minimuiH period 
of the stage plus half of the doubtful period. 

Table XXI 


Duration of larval instars at constant temperatures (1938) 



Tempera- 

ture 

rc.) 

Ref. 

No. 

I Pate 

of 

hatching 

I 

stage 

period 

II 

stage 

period 

. 

1 III 

i i^ta-ge 
i period 

1 

TV 

stage 

period 

1 

V 

stage 

perivid 

Total 

larval 

life 

. 1 : 



hrs. 

hrs. 

hrs. 

firs. 

firs. 

Days hrs. 

i ;; 25 

L 12 

12th Jan. . 

1 






io 



V163-5 






! 

L33 

I7th Jan. . 

J 









151-5 







0 , 



151-5 


^ D 





'i'l ' 



168 








L 16 

29t!i Jan. . 

187 

192 

232*5 







187 

208-6 

216 







203-5 

216 

. . 







211 


• » 







218-5 


. . 





L44 

2nd Feb. . 

156 

192 

192 

292-5 

t 

487 ‘5 

56 . . . 




160 

192 

192 

292-5 

. * 





160 

192 

192 

. . ' 






180 

172-6 


» . 



27 

L 12 

12th Jan. . 

120 

127-5 

136-5 

208-6 

499-6 

.m..: f. 

! 



136-5 

127-5 

156 

220-6 




L 34 


15th Jan. , 


101 
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Table XXI — conid. 


2S9 


I 


h 


Tempera- 

ture 

rc.) 

Ref. 

No. 

Date 

of 

hatching 

I 

stage 

period 

II 

stage 

period 

III 

stage 

period 

IV 

stage 

period 

V 

stage 

period 

Total 

larval 

life 




hrs. 

hrs. 

hrs. 

hrs. 

hrs. 

Days hrs. 


L 44 

2nd Fob. , 

124 ‘5 

132 









129 

144 


* . 







139 

144 


. . 




30 

L 12 

12th Jan. . 

96 

120 

112*5 

144 

259*5 

30 

9 




96 

151*5 

96 

136*5 

256*6 

30 

14 



17t}i Jan. . 

96 

107*5 

96 

144 

271*5 

30 

0 

33 

L 33 

17tli Jan. . 

96 

72 

64*5 

115 

187 

22 

5 




96 

72 

72 

120 

247 

24 

5 




96 

79*5 

88*5 

127 

. . 






96 

79*5 

105 


. . 




1 L 33 

17th Jan. • 

84 

91*5 

100 

100 

183 

23 

5 




96 

88*5 

91*5 

100 

192 

23 

14 


L21 

22nd Jan. 

96 

96 

108 

108 

• . 



36 

L 12 

12th Jfein. . 

I 74-6 

64*6 

96 

84 

166 

20 

0 

■ 



74*5 

64*5 

96 

84 

168 

20 

9 




74-5 

81 

79*5 

! 

84 

172*5 

20 

14 


L 21 

22nd Jan. . 

79 

. . , 


. . 

. . 

... 

. * 


L„^,44 ^ 

2nd Feb. . 

76*5 

60 

84 

72 

172 

19 

14 




76*6 

67*5 

76*5 

76*5 

203 ■ 

21 

8 




76‘5 

67*5 

81 

91*5 

. . ■ 






76*5 

76*5 

96 



. . 

.... 


L 33 

17 th Jan. . 

60 

67*5 

88*5 

79*5 

172*5 

19 

9 




64*5 

67*5 

1 

84 

88*5 

168 

19 

14 
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Table XXI — contd. 


Tempera- 

ture 

(«C.) 

Ref. 

No. 

Date 

of 

hatching 

I 

stage 

pericd 

IE 

stage 

period 

III 

stage 

pericd 

IV 

stage 

period 

V 

stcgt^ 

pcaiod 

Total 

larval 

life 




hrs. 

hrs. 

hrs. 

hr 

hr?. 

Days hrs. 




64-5 

67*5 

91*5 

81 

192 

20, 

14 




64-5 

72 

87 

81 

216 

21 

■■ 14 





79-5 

88*5 

91*5 





L 16 

26th Jan. . 






20 

0 


L 56 

ISfchFeb. . 

83-5 

67-5 

76‘5 

96 

168 

20 

14 




83-5 

67-5 

76-5 

96 

175*5 

21 

0 

40 

L 12 

12th Jan. . 

74-5 

64*5 

103 

72 

! 184 *■ 5 ; 

21 

0 




74-5 

81-5 

87 

81 

I 


.. 


L 33 

nth Jan. . 

67 

64*5 

67*5 

100 

151*5 

19 

0 




67 

64*5 

72 

103 

151*5 

1 

19 

5 


0 


67 

64*5 

77*5 

108 

172*5 

'20 

14 


L 12 

19th Jan. . 

67 

72 

84 

84 

204 

I 21 

7 




67 

79*5 

81 

103 





L 44 

2nd Feb* . 

64-5 

87 

76*5 

84 

184 

20. 

14 




64'5 

87 

76*5 



. . 

... 




64-5 

91*5 

72 

132. 







64*5 

91-5 

76*5 

. . 





The results obtained may be summarised as follows: — 


20^0. and below . — ^Hoppers could not complete their development below 
20°C. Freshly hatched hoppers lived as long as thirty-one days at 2()‘'C., and 
died without moulting. They ate very little food and the original body 
colour (green or black) darkened very much. It is proposed to investigate the 
influence of this range of temperature on the hoppers of different stages. 

2V~25'‘C . — Development took place very slowly and the death rate was 
enormous. At the hoppers took thirteen to sixteen days in each of the 

first and second stages, but could not be bred further. 
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Out of 124 hoppers* kept for breeding, in twenty-one batches, at this range 
of temperature, only seven acquired wings, taking fifty-six days at 25°C., and 
sixty-one to sixty-three days at 24°C. during the larval period. 

At 27® C., the larval duration was forty-five to forty- seven days. 

At 30 ®C., the average duration of the total larval life was thirty to thirty- 
one days. Bodenheimer [1930] also bred freshly hatched larvae in a thermo- 
stat at 30° C., but the results obtained by him do not agree with ours and for 
facility of comparison we give them below :~ 



I 

instar 

II 

instar 

III 

instar 

IV 

instar 

■ 

■V 

iustar 

Total 

larval 

period 


days 

days 

days 

days 

days 

dayvS 

Bodenheimer’ s . 

7 

13 

7 

6 

10 

43 

At Lyallpiir 

i 

i 

' 4-5 

1 

1 ■ 

4-5 

4-5 

5-6 

11 

31 


At 33®C., the larval duration was twenty-tw’’o to twenty-seven days; and 
at 8(PC., twenty to tw-enty-one days. Further rise in temx^erature did riot- 
shorten the larval duration, so that. at 37® C. and 40°C., it was almost the same 
as at 3C)®C. This represents 'the range of temperature at which ScMsiocefca 
gregaria hss the minimum larval duration of nineteen to twenty-one days. 

44° C . — When the temperature w^as raised to 44®C., the larval duration 
was distinctly prolonged and the death rate increased enormously. Out of 
forty-four hoppers kept for breeding, in twelve different batches, at this tem- 
perature, only one acquired wings in tw^enty-seven days. Incidentally it may 
be mentioned that at this temperature the hoppers ate very little, appeared 
excited and lost their black markings. 

For the calculation of the thermal constant we have the following data: — 

Duration of the hopper stage at 25®C. . = 56 days. 

Duration of the hopper stage at . =20 days. 

Therefore (25-x) 56 . . . . = (36-x) 20. 

X (Developmental zero) . = 1S* 9°C. 

Thermal constant . . . . . = 342. 

In the following table (Table XXII) we compare the calculated figures with 
J.he empirical ones. 
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The empirical and calculated figures for larval duration of ScMstocerca gregana. 


1 J Temperature 

Empirical 

Calculated larval 

Dev iatiuu of 
calculati'd figures 

! rc.) 

duration 

duration 

from the 

(days) 

1 

^ (days) 

oinpirieal 

(For cent) 


Wlien one takes into consideration the fact that besides temperature there 
are other factors which influence duration in the hopper stage, such as food — 
quality and quantity — and humidity, etc., one is forced to admit that the 
approach of the empirical figures to the calculated figures is very signifieani 

The time-temperature and temperature-rate curves for the larval diiratioii 
are shown in Fig. 6, The points expressing the index of development fit very 
closely on a straight line. The theoretical threshold of development lies 
between 18 and 19° 0. 



STUDIES ON SOBtSTOCBJtCA GRBBAUIA, II 


243 



II. UK'Erv VITAL LIMIT. 

A number of observations were carried out by 
4s it was impossible for hoppers of any stage ’O mo exposed 

freshly batched and freshly moulted hoppers m various sta^s were expo...a 

singly in each jar. Pood 7 ®. ^^7 l^tTwent^one hours at night 

XXTII gives the details of these experiments. At this tempera ure PP 

of the list -face lived as long as eight days and nineteen hours, those o. IL 
l^rS foi days, and those of IH and Y stages for six days and sixteen 
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hours without moultin.g. The hoppers at this teuiperatiite are too Biiicli excited 
and hardly take any food. 

Table XXIII 


Duration of life of hoppers at 
(In each jar a single hopper was kept.) 



No. of 

Experiment started 


Died, 

1 FcTioii 

Stage 

observa- 

tions 

Date (1932) 

Time 

Date (1032) 

; Timn 

iDay.J 

Hrs. 

I (Freshty hatched) 

1 

29th Feb. 

16-0 

2.nd Mar. 

7*0 

1 

15 


2 

29th 


16*0 

eth 

99 

1 , 13*0 

1 ■ 

21 


3 

1st Mar. 

lO’O 

4th 

9 9 ■ 

; ,, 7*0 

2' 

21 


4 

6th 

)» 

12-0 

15th 

99 

, 7*0 

S 

19* 

II (Freshly moult- 

1 

4th 

99 

12-0 

6th 

9f ■ 

; ■' ,13*0 

2 

1 

ed). 

2 

4th 

99 

12-0 

6th 

*9 

13*0 

2 

1 


3 

8th 

99 

15-0 

9 th 

99 

t 16*0 

I 

1 


4 

15th 

99 

12-0 

17 th 

99 

7-0 

I ' 

10 


5 

nth 

99 

10*0 

21st 

9 9 

10-0 

4 ■' 

# 

Ill (Freshly moult- 

1 

4th 

99 

12-0 

5 th 

99 

^ 16*0 

1, 

4 

ed). 

2 

4th 

99 

12*0 

r)th' 

99 

i '16*0 

1 

4 


3 

8th 

99 

1 15-0 


. ft 

1 

1 7-0 j 


M 

Y (Freshly moult- 

1 

4th 

99 

i2-o; 

5th 

99 

i 7-0 i 

0 

!§ . '■ 

ed). 

2 

4th 

99 

. 

12*0 

5th 

! 

99 

,.o| 

0 

li 


3 

4th 

99 

12*0 

■ 5th 

9* 


0' 

2,1 


4 

4th 

99 

12*0 

: 5th 

99 ' 


0 

li ' 


"'5 

8th 

99 

15*0 

9th 

. »«• . 

12*0 i, 

1 

■•0: ,' 

, 21, ,■ 


6 

15 th 


12*0 

16th 

99 

f 

7*0 ! 

■ 0 

■It 

Y (Freshly moult- 

1 

4th 

99 

12*0 

^^5'th:-": 

99 

21*0":: 

' '■ 

t 

ed). 

2 

8th 

99 ■ ■ 

15*0 

15th 

99 

7*0.i 


;:ii, 


3 

I5th 

99 

12*0 

16th 

99 

"",'■■7*0;; 

0 

Mr.. 

Adult (male) 

1 

lOth 

■ 99 

11*0 

I2th 

■ 99 

'7*0; [ 


20 


Note. — ^N one of the hoppers in these experiments moulted. 
* Figures in indicate the longest duration of life . 
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Thus at 46°G., the larvae of Schistocerca gregaria are not able to develop 
and moult. At optimum temperature the hoppers of the first four stages moult 
to the next stage within three to four days while at 46° 0. they lived for 
more than this period without moulting. 

Thus we find that 46° 0. represents the upper vital limit of development 
for the larvae of Schistocerca gregaria. 

III. Duration of the hopper stages at laboratory temperature 
Tire duration of each instar and the total hopper period at room tempera- 
ture for every fortnight from March to October, are given in Table XXIV, 
and the room temperature record in Table XXV. The total hopper period is 
expressed in two columns : —(1) average duration of hopper stages, i.e., when 
half of the hoppers of a batch acquired wings, and (2) shortest duration, he., 
the time taken by the 1st individual of the batch to acquire wings. 

Table XXIV 


Duration of larval mstars (days) for hoppers hatched during different months 
(1931) and hred at room temperature 


Period of hatching 
(Date and month) 1932 

f 

I i 

II 

III 

IV 

V 

Total larval period 

stage I 

stage 

stage 

stage 

stage 

Average 

Shortest 

19th— 29th Mar. 

7'2 1 

4*4 

6*4 

9-6 

10*7 

39*8 

34*8 

1st — 15th April 

7*6 1 

6 

6*1 

6 

9*8 

35*7 

33 

16th— 30th „ 

5-2 

5' 

6-7 

7 

9 

31*5 

30*1 

2n.d— 11th May 

4*8 

4*8 

6*4 

5*8 

9 

32*2 

31*2 

19th— 31st „ 

4-4 

4*7 

6*2 

7*1 

8*7 

31*5 

31 

1st — 17th dune 

4-7 

4*6 

5*7 

, 5*7 

8*6 

29*5 

27-7 

6th — -1 6th July 

4-6 

1 4*7 

6*1 

: 6 

8*1 

29*3 

27*8 

18th— 28th „ 

5'3 

5*2 

5*5 

; 5*2 

8 

29*7 

29*2 

10th— 29t!s Aug. 

5-5 

6*5 

6*6 

: 6*8 

11*2 

36*7 

32*3 

3rd— 30th Sept. 

23rd— 31st Oct. 

6 

18*6 

6-2 6-5 6-5 10-2 

j 33 - ; ^ 

1 One hopper moulted and 
i rest died in II stage afi 

35*5 

. entered I. 
ST 30-44 ds 

32*7 

II instar: 
ws. 

.3rd— 13th 'Nov. . ■ 

20*2 

1 Died after living for 19-21 days in li stage. 

nth— 20th „ 

25 

One hopper moulted and entered II instar. 
rest died in I instar after living for 36 days. 

]■ ■ ■ 
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Becofcl of room tenipemture ^0.. {1931). ■ 



Period 



Maximum 

temperature 

Minirnuiii 

tianpcTatun* 





Highest 

Lowest, 

Highest 


March 



' 

29-0 

15*5 

27-0 

1,4*4 

April 

• 

• 


33’0 

28‘0 

30*0 

2S-0 

May 


• 


35*5 

25*0 

31*0 

22*5' 

June 


* 


37*2 

30 *5 

33*7 

j 

27*7 

July 

. 



37*7 

27*7 i 

34*4 ; 

24*4 

August 

. 

• 

• 

36 M 

28*0 ! 

35*5 

28*0 

September 


• 

- 

33-5 

28 *5 

31*6 

1 ',28*0 

October 

• • ' • , 

• 

I 

31-3 

23*5 

i 

31*9 

•21*0 


It will be observed that the individuai instars as well as the total duration 
vary with tenipend.pre. During March the larval durtdion wris fo, rty days. 
As the temperature rose the duration shortened, the minlinum duration 
recorded at laboratory temperature being twenty-four days for the hoppers 
hatched on 10th July 1932. During this period the temperatures recorded 
were: — 

Highest maximum 35 •5*^0. Highest minimum 32°C. 

Lowest maximum SS^’C. Lowest minimum 28*5®C. 

The larval duration again began to increase in August reaching thirty-eight 
days in September, Hoppers hatched in October and kept at room temperature 
could not complete their life cycle. They took sixteen io twenty days in 
I stage, and twenty-one to thirty-three days in II stage, and tlie majority 
of them died before the 2nd moult. 

The hoppers hatching early in Novemb^^ were able to pas& through only 
the 1st moult taking, on an average, twenty days in I stage. All of tlauu 
died before tlie 2Bd moult, living for another tewenty days in II stage. 

The hoppers hatching at the end of November could not moult even once 
and died after living for thirty-six days in 1 stage. 
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IV. Duration of larval stages in the hoppers caged on plants in the 

OPEN DURING WINTER (EeBRUARY — MaRCH) 

A number of experiments were started by rearing hoppers in muslin cages 
on living plants growing in the fields. Only in one case did the hoppers 
exposed to these conditions reaoii the adult stage. Details of the observations 
are as follows: — 

The hoppers wb^c-h had hatched on 12th October, 1932 were caged on a 
cotton plant in a muslin cage. They were, transferred to a cabbage plant on 
27th December. These hoppers remained at suitable temperature during the 
warmer part of the day only, and throughout the night and during the greater 
portion of the day the temperature remained below the development zero. This 
was particularly so during the III and IV stages. These two hoppers acquired 
wings on 22nd March, 1933, i.e., after 161 days. This interesting observation 
shows the infiuence of temperature in prolonging the hopper stages and the 
possibility of the locust passing winter in the nymphal stages. 

Ballard and co-workers have recorded a similar case and it is a happy 
coincidence that the period of their experiment synchronises with that of ours, 
and further the temperatures at which the two experiments were conducted 
were more or less the same (Table XXVI). It is, how^ever, necessary to make 
it quite clear that both in our experiments and in Ballard’s observations, the 
temperatures given are not the temperatures inside the cages but are taken 
from the meteorological records of the stations. In both cases the mean 
maximum and mean minimum temperatures for the different months are given, 
and evidently on certain days the temperature was higher than the mean 
maximum. These two experiments carried out in two different countries, 
during two different years, giving almost identical results are very significant 
and prove the great infiuence of temperature on the duration of the life of the 
Desert Locust hoppers. 
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2*2 7*7 j 4*9 5*0 I 1 6*6 
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8. Longevity of the winged stage 

The life of adults (in days) from the date of acquiring wings to the date of 
death at four constant temperatures is given in Table XXYII. _ The _ average 
durations of all the observations at each temperature are given in table 
XXVIII. 

Table XXVII 

Longevity of adults a.t different constant temyeratures 


Temperature 

CO.) 


40 


36 


Kef. Ko. 


40 lAi 

40 lAa 

40 lAa 

40 ITAt 
40 ITAa 


Ct 

IV, 

IV. 

Ill, 

in. 

HI. 


Bate of acquiring wings 


Male 


Female 


29tli Ian. 
1932. 


14tli Mar. 
1932. 


29tli Ian. 
1932. 


14th Mar. 
1932. 


Bate of death 


Male 


Female 


1st Mar. 

1932. 

14th Apl. 

1932. 


2Hth 

1932. 


29th 

1932. 


2!id 

1932. 


Feb. 

Feb. 

Mar. 


26 th Feb. 

1932. 


10th Mar. 
1932. 

14th 
1932. 


4th 

1932. 

13th 

1932. 


Apl. 

-Apl. 

Apl. 


, 14th 
1932. 


8th 

1931. 


15th 

1931. 

ir>th 

1931. 

13th 

1931. 


24th 

1931. 


Bee. 8th 

1931. 


Sept. 
sppt. ! 
My I 


My 


14th 

1931. 


May 


Dec. 

Sept. 

Sept. 

Inly 


13th Ian. 
1932. 


10th 

1931. 

26th 

1931. 


Bee. 

Aug. 


29th 

1932. 

12th 

1932. 

28th 

1932. 


22nd 

1932. 

nth 

1932. 


Feb. 

Mar. 

Feb. 

Apl. 

Apl. 

Apl. 


Average life 
(days). 


14th 

1931. 


30th Aug. 
1931. 

80th Aug. 
1931. 


May { 

29th ’ lune 
1931. 


31st 

1932. 

31st 

1932. 

22nd 

1931. 

26th 

1931. 

nth 

1931. 

14th 

1931. 

16th. 

1931. 


Ian. 

Ian. 

Oct. 

•Oct. 

Aug. 

Aug. 

Aug. 


Adult life 


Male Female 


32 

28 

31 

33 

41 

27 

21 

30 

"^5 


7th lune 

17th lime 

1931. 

30th June 
1931, 


36 


87 


44 


87 

■' 37 

^ 46 
"46 


28 

31 

43 

30 

39 

28 

31 


54 

5-4 

87 

41 

29 

32 ' 

34 

24 

"'"'■34 

■.'at.'- 


250 


INDIAN JOITENAL OF AGEIOU.LTURAL SCIFiNCB 


[VI, J 1 


Tablb XXVII— contd. 

Longevity of adults at constant temfm'aiufes. 


40 

U 

m 

2*1 


TeiBijeratiire 

; ,:Eef. No. 

Date of acavilring wings 

j Date of <lt*at.h 


1 AdPif life 

Male 

Female 

Alalo 

Female 

'Mule 

Female 


T, 

iSUi 

1931. 

May 

ISOi 

1931. 

May 

11th Jime 
1931. 

2Mh 

um. 

June 

2-1 

as 







27tli June 
1931. 

29fh 

um. 

June 

40 

42 








30t.li 

1931. 

June 


'a - 


Nx . 

lOfefi 

1931, 

Mar. 

12fcli 

1931. 

Mar. 

14tli Apl. 

1931. 

... 


35 



■ 



13fch 

1931. 

Afar. 


nth 

19;‘>U 

Apl 


35 








ISth 

U>3U 

Apl 


3i:i 


N, . 

I70i 

1931. 

Mar. 

ITf.h 

1931. 

Alar. 

20th Apl 

1931. 

lifh 

1931. 

Apl. 

34 

2g 


L«a 

27tfi 

1932. 

Jan. 




2tst 

1932. 


... 

25 



210i 

1932. 

Ft9». 

2lfeh 

1932. 

Feb. 

9th Afar. 

1932. 

21 Ht 
1932. 

Afar. 

14 

28 








Avr*r!ige 

(days). 

life 

39 *7 

*“ “Vi 

S0 . . : 

S0B , . 1 

2lHt 

mu 

Jan. 

lOfih 

1931. 

Jan. 

inth Afar. 

1931. 

23rd 

I93J. 

Mar. . 

; , 54 

72 


, 30 A' . 





17th Alarelj. 
1931. 

1 7t it 
1931. 

Mar. 

; 55 ' ; 

IIS 


20 € . . : 

lOih 

1931. 

Jan. 



Stii ' .Mar. 
1931. 

I7f!t 

193U 

Afar. ! 

57 ' ; 

8S 


20 11 . . : 



*» 


23rd Afar. 

1931. 

t1t!i 

toil. 

fob. . 

' 72 . 

6f'l 


20 A - ■ . 



»» 


26eh Afar, 

mu 

Hth 

1931. 

Mar. 

75 

57 

' ■ ' ' i 







Average 

(days). 

life 


^ Vl 

27 . * : 

... 

tmi 

1930 

Dee. 

i 


I 12fch Mar. 1 

1 1931, I 

I 


B5 



Table XXVIII 

Longevity of adults at constant tcrnperaiuTeH 

(Summary) 


Tcmpcmtnm 


No* of 
observations 


Avcraj:ce adult life 
(days) 


1 

i Malo ! 

Foranlo 

16 

1 35 i 

33 

30 

j 39-7 

36 

10 

1 62*0 

; 61 

1 

! 

- g5 
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It will be notcied that as the temperature falls frora 40'" C. to 27^* 0., the 
duration of adult life increases. 

A number of observations on the duration of adult life at room temperature 
from April to November, 1930, are given in Table XXIX. The average dura-^ 
tions of all observations in different months are given in Table XXX. Adults 
dying within a week of their acquiring wings have been excluded from the 
record presented in these tables, since such deaths, most definitely, must 
have occurred as the results of abnormal causes. 

Table .XXIX 


Longevity of adults kept at room temperature. 


Cage No. 

Sex 

Date of 
acquiring 
wings 

Date of 
death 

Adult life 
(days) 

N7 b3 . 

Male .... 

1st April 1931 

18th May 

1931." 

47 


Female . 

»> 

22nd May 

1931. 

51 

Igi2 ’ ' 

Males .... 

4th Apl. 1931 

17 th June 
1931. 

74 




21st June 
1931. 

73 




ISfeh July 
1931. 

iOO 


: Female . . . 1 


2nd Julv 1 

1931. ^ 1 

39 

Nil 

; Male .... 

1 9th ApL 1931 

! 

Isfe June 1 

' 1931. j 

53 , 


: Female ♦ 

5thApLi931 i 

1 19t!i May | 

193L 1 

■44 

X, . 

Males . 

18th April ^ 
1931. 

1 

: 28th May 

: 1931. 

2nd Jiine 

1 1931. 

\ ■ 

1 49 

j 


Male. . . : 

^ 28tli AjH'il 
i 1931. 

I 30t.li May 

1 1931. 

1 

r,„ 32 


1 Female ... . 

i 

■ i5th June 

■ 1931. ■■ 

: 48 

i 

i 
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Table XKIK—contd. 


Cage. Ho/ i 

Sex 

. 

Date of 
acquiring 
wings 

1 

Date of 

deatii 

1 

Adult lifo 
(day-) 

'f ^ 

-*•*}• ■* ! 

F&miales 

29th April 
1931, 

Bth June j 

loai. ! 

40 

i 



6th June ’ 

IP31. i 

38 ' 

I ^ 

**■1^ ♦ 1 ; 

i 

. 1 

I 

Mde ^ . 

30th April 

1831. 

30th May 1 

1931. j 

30 

! 

! 

! 



Average * : 

53-9 

lii . 

Male , , * , 

2nd May 1931 

23i‘d June 

103L 

52 

Tio. • 

Male- . . 

5th May 1931 

26th Ma.y 

1931. ' 

■" 21'^, 


Fe.male 

>> 

17th June i 

1931. 

43 

i,, . 

Malc» * , . . 

tt 

lOtli June i 

1931. 

45 


Ft*niale . . . 

1 

if 

23rd " June ■ 
1931. 

40 


. Males . , 

99 

9th June 1931 

35 




ist July 

1931. 

67 

lu - 

j I^Iale , * 

■ 6th. May .1031 

9tli July 1931 

64 


1 Female , 

ff 

14th Jtily 

1931. 

60 

I, . 

Male , , ■ / * ^ , ,■ 

7 th May 1931 

,2!Bt ' . June 

1931., 

'46 


Female • . 

|. >9 

15th June 

1931. 

39 


STUDIES OK SchSTOCEici OttEGAnii, if 


Table 'KKTK—contd. 


Cage No. 

Sex- 

Date of 
acquiring 
wings 

Date of 
death 

Adult life 
(days) 

Ii2 • 

Male . 

• 

• 

8th May 1931 

26 th 
1931. 

June 

4. : 


Females 

• 

• 

ff 

2nd 

1931. 

June 

■ 2: / 






8th 

1931. 

June 

31 






9th 

1931. 

June 

32 






2nd 

1931. 

Aug. 

86 

111- 

Male . 



loth May 

1931. 

18th 

1931. 

Jime 

39 

R43d 

Male . 



16 th May 

1931. 

29th 

1931. 

June 

44 


Female 



! 

26th 

1931. 

June 

41 

IT. . . 1 

Male . 



16th May 1 

1931. ^| 

27th 

1931. 

June 

,42 ■ 


Female 



i 

»j j 

3rd June 1931 

18 

Iis . . 1 

Females 



20th May i 

1931. I 

30th 

1931. 

May 

10 

) 




22nd May I 

1931. ; 

I j 

8th 

1931. 

July 

47"' 

i 





Ayerage 

42-74 „ 

Qs ■ . 

Male . , , 


V 

: 15th. , June 1 

|. 1931 

27th 

1931 

July 



Female ■ , . 

• 


>9 

8th Aug 

1931 

■ '54. 

'Qa *■ ' . 

Male ' ^ , . 

• 

• 

; 99 

i 

20th 

1931 

July 

' 35' 

i '■ ■ 

1 ■ ' . 


Female 

• 


! ■ *» 

25th 

1931 

July 

40 

1 
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Table XXIX — contd. 


Cage No. 

. 

Sex 

Date of 
acquiring 
wings 

Date 

of 

death 

Adult 

life 

, (days ) , 

Q 4 • 

Male . 

Female 

• 


* 

ISih June 

1931 

ff 

8 th Aug. 1931 

3rd Aug. ' 1931 

64 

49 

Q14(i) . 

Male . 

• 


• 

rf 

8th July 1931 

23, 


Female 

• 


• 

t* 

24th 

1931 

July 

39 

Q14(ii) . 

Male . 

• 


• 

>)> • 

24th 

1931 

July 

39 

. 

Female 

• 


• 


21st 

1931 

July 

36 

Q15(i) . 

Female 

• 


• 

tf 

15tb 

1931 

July 

30 

Q15(ii.i . 

Female 

* 


• 


15th 

1931 

July 

30 

II, 

Male . 

• 


• 

24t}i June 

1931 

17th 

1931 

Aug. 

54 


ITenial© 

• 


• 

>> 

18th 

1931 

Aug. 

55 

n. 

Female 



• 

» 

15th 

1931 

July 

21 

1X3 

Male . 

• 


• 


23rd 

1931 

July 

29 

114 

Male . 

• 

« 

• 

99 

6 th July 1931 

12 

1 X 3 

Male . 

# 


• 

26tli June 

1931 

15th 

1931 

July 

' 20 , 


Female 




9 » 

22 nd 
1931 

Sept, 

'■■■ 88 ;-: 

n. 

Males . 

• 



26th to 29th 
June 1931 

4th 

1931 

July 

5-8 


Females 

t 


. # 

ff 

4th 

1931 

Aug. 

30-39 

1I3 . . 

Males * 

• 

« 


26th June 
1931 1 

22 nd 

1931 

Aug. 

57 
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Table XXIX — contd. 


Cage No. 

Sex 

Date of 
acquiring 
wings 

1 i 

Bate of j 

of j 

death j 

1 

Adult 
, life 

, (days) 

ii„ 

Male . 

• 



24th July 

1931 

30tb 

1931 

Aiig. 

37 


Female 

* 



f> 

11th 

1931 

Sept. 

1 49 

n,. . 

Male . 

• 



99 

30th 

1931 

Aug. 

37 

■ 


Female 

• 



99 

2iid 

1931 

Sept. 

I 40 


Male . 

• 



99 

26th 

1931 

Aug. 

33 


Female 

• 

• 

• 

99 

9th 

1931 

Sept. 

47 

! 


Female 

• 

• 

• 

99 

31st 

1931 

Aug. 

38 







Average 

• 

40‘61 

ii, 

Male . 

• 

• 


2nd-3rd Aug. 
1931' 

8th 

1931 

Aug. 

§•6 


Female 

• 

• 


99 

11th 

1931 

Sept. 

i 

39*40 ' 

HjLf * 

* Male • 

• 

• 


3rd-8tli Aug. 
1931 

' 9th 

1931 

Sept. 

29-34 


Female 

- 

• 


2nd-5tli Aug. 
1931 

6th 

1931 

Sept. 

32-35' 

llu 

Male . 


* 


22nd Aug. 

1931 

2nd 

1931 

Sept. 

••'ll'""' 


Female 

• 

• 

• 

99 

27th 

1931 

Sept. 

36 







Average 

• 

26-7 

39a 

Female 

1 , 

* 

• 

1 

1 

16th Aug. to 
6th Sept.’ 

1930 

13th 

1931 

April 

219-240 
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Table XXIX— confd. 


Ca,ge No. 

Sex 

Date of 
acquiring 
wings 

Date 
of death 

Adult 

life 

(days) 

39b 

• 

Male . 


* 

16th Aug. to 
6th Sept. 1930 

19th 

1931 

April 

226-245 



Female 


• 


7th 

1931 

April 

213-234 







Average 

• 

229-33 

4Ta 

‘ 

M^le , 

• * 

• 

. 2nd- 7th Oct. 
1930 

-25th. 

1931 

April 

200-205 



Female 

• ' ^ 

* 

>9 

■ 99 


200-205 

47b 

f 

Male • 

* 51 

• 

>9 

30th 

1931 

April 

205.310 



Female 

» * 

• 

» 

13th 

1931 

April 

188493 

4Ba 

« 

Male . 

« % 

• 

»> 

26th 

1931 

April 

201-206 



Female 

• 

• 

»9 

19t.h 

1931 

April 

194-199 

36 . 

« 

Male • 

r 

• 

17th Oct. 

1930 

18 th 
1931 

April 

183 



Female 

• 

• 

99 

30th 

1931 

April 

195 

8 . 

«• 

Male . 

• 


18th Oct. 

1930 

4th May 1931 

198 



Female 

• 

• 

99 

27th 

1931 

April 

192 , 

13 . 

- 

Male , 

. 

• 

99 

30th 

1931 

April 

195 



Female 

• 

- 

99 

2ni(i 

1931 

April 

1§7'." 

18a 

* 

Male . 

* 

* 

20th Oct. 

1930. 

3rd April 1931 

166 



Female 

• . * 

• 

99 

! 10th 
1931 

April 

173 

18b 

• 

" Female 

, • 

• 

99 

11th 

1931 

April 

174 

^ m 
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Table XXX 


Average longevity of adults during different months at room temperature 


Month in which wings acc|uired 

No. of observa- 
tions 

Average adult 
life (days) 

April 



• 

• 

15 

53-9 

May 

• 


- 

• • 

23 

42-7 

June 




- 

28 

35*9 

J Illy 




• 

17 

40-6 

August . . . 




• 

6 

26-7 

September 




• 

3 

229 ‘ 3 

October . 


• 



24 

178-4 

November 

• 

• 

• 

• 

8 

170*3 


It will be observed that from April onwards as the season gets warjner the 
duration of the adult life decreases. It is minimum from June to August and 
begins to increase after this. Under laboratory conditions the tendency to 
over-winter begins to appear in adults acquiring wings in the end of August, 
while almost all the adults acquiring wings from September to November 
over- wintered. 

9. Total life and number of broods in a year 

As already mentioned, various views have been entertained regarding the 
• number of broods of Schistocerca gregaria in a year, but all the investigators 
hold one thing in common, i.e., Schistocerca gregaria undergoes a compulsory 
long diapause in the adult stage thus restricting its broods to only one .or two 
per year. Yayssiere [1932], King [1922], Uvarov [1928] and Bodenheimer 
ri929] are of opinion that the Desert Locust has only one generation in the 
vear with a long diapause in the adult stage. On the other hand Cotes [1891] 
Kunckel [1905], Yosseler [1905] and Eegnier, Lespes and Bungs [1931] are 
inclined to think that there are two generations in a year, the adults of the 
winter generation undergoing a long diapause. Ballard and others [1932] are 
of opinion that under favourable natural conditions there may be three broods 
in a year— a spring generation, a summer generation and an autumn generation. 

Our observations definitely prove that there are normally two distinct broods 
in nature under Indian conditions. The over-wintered females begin laying 
eggs in February and die out by the end of May. In the second brood the 
oviposition starts in July and adults die off before November*. 


16 


iilDIAij joueNal of ageicultueaL science 


[Vi, It 


260 

Experiments conducted at constant temperatures go to prove that there is 
no diapause in Schistocerca gregaria in any stage of its hfe-cycle and that the 
duration in various stages mainly depends upon external factors aiid particular y 
temperature. Thus, given suitable temperature ( 27 ° G . -40 0 .) throughout the 

year, Schistocerca pregrana may have more than two broods. 

The average total life and the number of broods which^ may^ be 
the laboratory at different constant temperatures are given in iable AAAi. 


Table XXXI 


Average total life {days) aiul immbor of broods of Schistocerca gregaria at 

different constant temperatures 


Tempera- 
ture {°C.) 

Egg 

stage 

Larval 

stage 

Adult 

stage 

Total 

life 

Pre- 

oviposi- 

tion 

period 

Duration 

of 

one 

brood 

No. of 
broods 

ill th 

year 

40 

11-0 

20*7 

34 

65-7 

14-3 

46*0 

7*9 

36 , 

12-0 

21*2 

37*8 

71-0 

17-6 

50*8 

7*2 

30 

1 16-0 

1 

30*9 

63*3 

110-2 

24-2 

71*1 

5*1 

27 

1 20-0,^ 

45*4 

, 85 

150-4 

32-0 

97*4 

3- 7, 


It will be observed that it is not the total life of the insect which has been 
taken into consideration for calculating the number of broods in a year, but 
the duration of the egg stage, the larval stage and the pre-oviposition period 
put together give the' duration of one brood. The cycle, therefore, is from 
egg to egg. Once oviposition has occurred, the life of the adult has no control 
on the life-cycle and its duration. 

The number of broods at lah oratory temperature .—As already pointed out 
the earliest eggs laid in the last week of February take three to four weeks to 
hatch, the hopper stage lasts for five to six weeks and the pre-oviposition 
period in early summer requires another two to three weeks ; so that the adults 
of the first brood are usually ready to lay eggs in the 2nd and 3rd weeks of 
June. The second brood falling in the hot months completes the life cycle 
quicker. The adults may appear in the beginning of August and oviposition 
may commence after another two weeks. The temperature now begins to fall 
and the larvae of 3rd brood reach adult stage from the middle of October to 
middle of November. These adults over -winter and produce next generation 
in early spring. Thus, under laboratory conditions three broods of Schistocerca 
gregaria can be bred in a year. (For laboratory temperature record see Tables 
XVIII and XXV)* 
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10. Summary. 

The biology of Sckistocerca gregaria has been studied at constant tempera- 
tures and general conclusions confirmed by a large number of observations 
at room temperature. 

Pre-copulation and pre-oviposition period or, in other words, the sexual 
maturity of adults depends on temperature. It varies from 14*2 days at 40° C. 
to thirty-two days at 27°C. If, however, a temperature below 20°0. prevails 
for a long time, this period may be very much prolonged. This is why under 
natural conditions the adults of the over- wintered brood take six to seven 
months to commence oviposition. Under laboratory conditions a maximum 
number of eleven packets of eggs was obtained, each being laid at an interval 
of three days to three weeks depending on temperature. 

The theoretical threshold of development of eggs lies at 17°-18°C. The 
incubation period varies from eighty-five days at 18* 5° C. to a minimum of nine 
days at a temperature above 40° C. Eggs exposed to 46 °C. for eight hours or 
more do not develop. 

The larvae of SchistocevGa gregaria cannot complete their development at 
20° 0. and below. The larval period is sixty-two to sixty-three days at 27°C., 
while it is only twenty days at temperatures between 36° and 40°G. The larvae 
are unable to moult at 46^0., which, therefore, reproisents the upper vital limit 
for this species. 

The longevity of the adults is inversely proportional to the environmental 
temperature. At temperatures above 36° C. the adult life is about one month. 
At temperatures below 30^0., the adults may live for two to three months or 
even more. 

Under natural conditions in the Punjab there are only two broods in a year. 
The adults of the over- wintered brood lay eggs from February to April, and die 
out by May, those of the summer brood lay eggs from July to September. 
Under favourable conditions of temperature, however, the locust can breed 
quicker and produce several broods in a year. These observations definitely 
prove that there is no diapause in 8 chistoc area gregaria in any stage of its 
development and the duration of various stages depends mainly upon environ- 
mental conditions of which temperature is by far the most important. 
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I. Introduction 

Locusts are notorious for their unappeasable hunger, and for a voracity 
rarelj^ equalled elsewhere in the animal kingdom. Their dietary covers a very 
wide range of vegetation. There are exceedingly few cultivated plants that 
they w^ould refuse to feed on and very few wild ones which they would not 
eat.t Nor do they confine their destructive activities to soft leaves and juicy 
green twigs. They are known to gnaw the hard bark of babul (Acacia arahica) 

■^Studies on Sehistocerca gregaria Eorsk. 

I. The micropyle in Schistocei'ca gregarm Forsk. and some other 

Acridiidae. Ind. J . Agric, ScL 3:639-645. 1933. 

II. The biology of the desert locust with special relation to temperature. 

Ind. J, A gric. ScL 6 :188-262. 1936. 

fit is implied that the locusts are absolutely indiscriminate feeders. There are 
a few plants which they would refuse to eat. There are others which are eaten in 
case of extreme privation only. 
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trees till the wood is laid bare and the tree looks white from root to top. In 
the diary of a Naib of Bhag (Kalat, Baluchistan) a case is recorded from 
village Audro Qadir Bux (May 1924) where ''a large number of hoppers having 
hatched out attacked wheat that had been reaped, heaped and blown’’. This 
appears rather extraordinary and without verihcation one is not prepared to 
accept this statement, but there is 'no telling’, so out of the ordinary are these 
'beasts’! They are known to nibble at window and door frames, make a meal 
of thatched roofs of houses and similar other materials and eat up their owm 
disabled and dead comrades.'^' An unfortunate individual undergoing a moult 
sometimes becomes an object of a concerted attack by its comrades. Hoppers 
while just emerging from the soil are sometimes feasted upon by others which 
had hatched out earlier from the same egg cluster [Nikolsky, 1925], Un- 
confirmed reports of their attack on human bodies are also on record. 

Nikolsky [1925] recorded cases where the hoppers of Asiatic Locust {Locusta 
migratoria L.) ate off huge holes through felt tents. On their march through 
a village they gnawed through curtains and window blinds of dwellings and 
attacked bags and luggage. 

Baure [1932] states: "Where grass is scarce the Brown Locusts {Locustana 
■paradilana Walker) will no doubt eat almost anything and one hears of cloth- 
ings, curtains and the like having been damaged during recent invasions.” 

The most extraordinary, and perhaps amusing, instance of all perversions 
is recorded by Nikolsky [1925], in regard to a swarm of hoppers wdiich had 
appeared among a flock of sheep at night and by the morning had caused the 
flock to assume a closely shorn appearance, except for small patches of wooi 
"ound the eyes. 

II. Problem 

Why do locusts eat wooU Is it due to hungeT"? Or is it because of a 
* hydromanta* — an intense yearning for moisture'^ 

Wool is a material which evidently can have practically no nutritive value 
for an insect, the digestive system of which is not adapted for such a diet. To 
discover the reason for this curious phenomenon of wool eating a series of 
experiments were conducted. 

III. Experiments and observations 

(i) In a preliminary set of experiments some raw woolt, previously dried and 
weighed, was soaked in water and placed in a cage, alongside a fresh cabbage 
leaf, the usual food provided for the locusts bred in the laboratory. Two pairs 
of locust fliers were kept in this cage. Eresh leaves were supplied four times 

* The habit of eating their dead comrades is of practical importance. If the death 
be due to eating poison baits, the eater of dead body may itself die of poison. Gra^ 
novsky [1926] has practically observed this. 

t Raw wool was obtained frosli fiom local butchers, 
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a day. After forty-eight hours the wool \fas removed froiii the cage, dried and 
weighed again. It showed iio difi'erence in weight. The leaves provided were 
eaten in all cases. Observations made in six repetitions of this experiment 
pointed to the conclusion tha,t the Desert Locust has, at least, no preference for 
wool and will not eat it when green food is available. 

(ii) In another set of experiments, the fliers were kept in a desiccator in 
which low humidity w' as . maintained by means of concentrated sulphuric acid. 
They were kept without food for twenty-four hours at a teniperature of 37’"G. 
At the end of this period 'sonic dry ivooi was introduced into this desiccator. 
The fliers came to it but rejected it after a casual ‘ inspection h After an hour 
some more wool soaked in water was introduced. This was eagerly eaten though 
the quantity eaten was not large. As dry wool is not acceptable to the hungry 
and thirsty locusts it is apparent that moisture in the soaked wool is the only 
factor which determines its acceptance. 

It is also interesting to note here that a microscopic examination of the 
fiBces of the locusts that had fed on wool showed wool fibres, which evidently 
had suhered no physical change hi passing through the alimentary tract, except 
that the wool fibres had been cut into pieces by the action of the mandibles. 

(hi) In the third set of experiments the Tiers were starved under similar 
conditions as above, but at the end of a period of twenty-four hours a green 
cabbage leaf and some soaked wool were simultaneously introduced into the 
desiccator. The fliers took the shortest cut, made no selection and ate 
whichever of the two substances came handy. However, those that started 
with wool nibbled a small quantity and having satisfied, so to say, the bare, 
immediate, and pressing need for water turned away and having discovered the 
green leaf, ate it to their fill. This occurred in all the four desiccators and 
showed very clearly that the real need for nourishment was met only by 
eating the leaf, while soaked wool was eaten just to appease an irresistible 
craving for water. 

(iv) In another experiment the fliers were again kept in a dry atmosphere, 
as before. They were provided with some dry bran, dried fig leaves and dried 
cabbage leaves. After forty hours it was discovered that the dried fig leaf had 
been slightly nibbled, but the dried cabbage leaf and bran had remained 
untouched. At this stage some soaked wool was introduced into the desiccator. 
This was eaten very readily, although, as before, the quantity eaten was not 
much. 

It is safe to conclude once again that it was not hunger but thirst that 
drew' locusts to wet w^ool. Thus it is really the desire for water that makes the 
locust eat such a ‘non-edible' substance as wwl. This hypothesis receives 
further support from the following experiment : 

(v) Locusts were kept at 33° 0. and at about ninety-eight per cent relative 
humidity, for forty-eight, sixty, seventy-two, eighty-four and ninety-six hours. 
No green food was provided. They were supplied with a weighed quantity of 
wool soaked in water. In all cases the wool was not eaten. Some of the fliers 
that were kept for eighty-four to ninety-six hours died without touching the 
moist wool. 



266 INDIAN JOUHNAti OF AGRIOULTUEAL SGIENOE [Vl, U 

The reason may be that since the percentage of humidity in these experi- 
ments was higlr% the loss of water from the bodies of locusts was low, and 
there was no desire for water. Therefore, in the absence of thirst, the locust 
refused to eat moist wool, though this was greedily eaten by the locusts kept 
in an atmosphere with low humidity. • 

Nikolsky [1925] has quoted instances of the Asiatic Locust marching on a 
line upon which linen was spread for drying. They ate up the wet ones and 
left untouched those that had. dried. This again is a proof for the hypothesis 
put forth. The record already mentioned of locusts eating wool from living 
sheep also finds a satisfactory explanation on the basis of this hypothesis. 
Obviously, the wool on their body must have been moist. 

In this connection another observation of Nikolsky is of interest. He 
observed a band of hoppers of the Asiatic Locust marching in a desert tract. 
Having met a pond of water they concentrated on it and it was clearly seen 
that they were drinking water. In this laboratory also, sometimes, during hot 
dry days, the Desert Locust has been seen drinking water sprinkled on the soil 
of the rearing cages. 

IV. Discussion 

A certain amount of water in the tissues of an organism is absolutely neces- 
sary for its life. For the maintenance of this minimum the beasts of the 

desert have to make special efforts. A number of animals in the dry regions 
of the earth are known periodically to march across long stretches of sandy 
areas in quest of watering places. Birds of the desert go regularly to their 
watering places and bring back water for their young ones. Perhaps the most 
interesting contrivance for this is that of the Sand-grouse [Buxton, 1923], Thej’ 
drink while standing in water with their breasts submerged and return home 
with the plumage on their breasts soaked in water. The young ones pass the 
feathers through their bills and keep on changing until the supply becomes 
exhausted. 

Normally locusts get their supply of water through their food. When this 
is scarce and the loss of moisture from the body, in a warm and dry atmosphere, 

is excessive., a stage is reached, when, in order to live, the locust must obtain 

water from some other source. It is precisely under these conditions that 
locusts eat practically anything which can provide water. 

In the deserts, during periods of drought when vegetation is parched, the 
vegetable-eating insects meet their demands for water by eating pieces of dry 
plants. In sandy deserts, while the days are excessively hot and dry, the 
nights are cool and the humidity is then very high. The diurnal range of 
humidity is very wide. Buxton [1924] has observed that often w^hen the 
humidity during the day is as low as twenty per cent, during the night the air 
is nearly or quite saturated. Desiccated fragments of certain plants situated 
in an atmosphere containing eighty per cent humidity or more, absorb an amount 
of moisture equal to fifty to sixty per cent, of their own dry weight (Buxton). It 
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is evidently on account of this' moisture that a variety of apparently dry articles 
are eaten by the locust. In the case of wool on the body of the sheep, m 
addition to the small amount of hygroscopic moisture, it is likely, that a fair 
amount of free moisture should also have been existent. 

It may be mentioned here that in the case of swarming hoppers the problem 
of water economy is heightened by their colour. It is well known that black 
absorbs more radiant heat than any other colour. Thus under the same climatic 
conditions a swarming (black) hopper will absorb more heat than a solitary 
(green) one and will therefore require more water for evaporation in order to 
keep down its temperature at the optimum, than a solitary (green) hopper 
would require. [In most animals the temperature of the body is brought down 
by evaporation of water from the body surface. Among insects this is done by 
evaporation through respiration (Buxton)]. Therefore, the swarming hoppers 
stand in greater need of moisture. 

It can thus be safely concluded that sometimes even non-edible 
substances are eaten by locust to make up the amount of water required for 
its existence. A study of the water requirements of locust under different 
conditions is intimately connected with the problem of locust control by means 
of poison baits. A dry bait is entirely useless and the failure of baiting in 
certain places may be attributed to this fact. Locusts need water, particularly 
in a dry atmosphere and this is exactly the atmosphere in which the bait would 
dry very quickly. Thus baiting cannot be employed by mere rule of thumb. 
One must study the environmental conditions before a proper control through 
this method can be obtained. 

V. Summary 

Non-edible substances, like wool, are eaten by the Desert XfOcust to obtain 
moisture, such substances are not eaten if they are dry. 

Substances containing a large amount of hygroscopic moisture are al^o 
eaten. * 

The tendency is particularly marked if the atmosphere is dry. 
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I, Introduction 
Historical 

The investigation of the nitrogen recuperation in the soils of the 
Presidlcy was started as long ago as 1923 and the first results were P^^ished as a 
memoir with the title ‘ ‘ Nitrogen Recuperation in the Soils of the Bombay 
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Part I [Satasrabuddhe and Daji, 1925]* The experiments were condncted in 
the laboratory on samples of the medium black soil of the Peecan, taken at the 
end of the hot weather, kept dry and then exposed to var 3 diig conditions. The 
results showed that a good deal of nitrogen fixation takes place in the trap soils 
when they are moistened and kept at suitable temperatures. Further work on 
this subject was published in this Journal as Nitrogen Recuperation in the Soils 
of the Bombay Presidency, Part II ” [Sahasrabuddhe and Ghatikar, 1931]. 
For the investigation published in this paper, typical soils of the Bombay 
Presidency were obtained and the effects of the additions of lime, phosphatic 
substances, organic matter and alkali salts were studied. The results proved 
that at least under the controlled conditions of the laboratory, the addition of 
lime, phosphatic substances and organic matter improved the nitrogen 
recuperation of such soils as are not originally rich in these ingredients. 

It remained, however, to be seen whether any recuperation takes place actually 
under field conditions. This investigation was undertaken soon after the publica- 
tion of Part II and the results were published in this Journal [Sahasrabuddhe 
and Kanitkar, 1932]. Those results show that definite recuperation of nitrogen 
takes place in the soils under field conditions in the dry -farming tracts. Addition 
of organic matter increases the recuperative power of the soil. The quantities of 
nitrates also fluctuate between certain limits. 

Since the publication of Part III, further work on the fluctuation of the nitro- 
gen contents of the soil has been done by other investigators both in India and in 
other countries. 

Prescott and Piper [1930] find that the activity of nitrification is greatest in 
surface layers which are cultivated, during the process of fallowing. There is 
evidence that the high nitrate accumulation is in late spring in spite of rapidly 
falling of moisture contents, because this is associated with the higher temperatures 
prevailing at these periods. Nitrate accumulation occurred rapidly with dry soil 
although more slowly than under the optimum condition (17 per cent moisture). 

Penman and Rountree [1932] found that there was no appreciable interference 
with nitrate accumulation in cropped soils during the early life of the crop. At 
later stages comparatively very poor capacity for accumulating nitrate was 
observed in the cropped soils. This led to a disadvantage, in the case of cropped 
soil as compared with bare soil at harvest time. 

The important results obtained by Bartholomew [1932] show that the accumu- 
lations of nitrates in the uncropped soils has an important practical significance. 
It shows very forcibly the necessity of keeping the ground covered with some kind 
of crop even though it is only weeds. The cover crops prevent loss of large quantities 
of available nitrogen and in addition add considerable active organic matter to the 
soil when ploughed in. 
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Nitrification processes take place at a minimum soil temperature of 40®F. 
if tke soil conditions are favourable. Consequently, after crops have stopped 
growing, nitrification takes place and nitrates may accumulate in the soil before 
cold weather sets in. 

Rheinwald [1933] in his paper on ‘‘Nitrate concentration of the soil solution 
and factors determining it, ’’ states that high temperature and moderate rainfall 
are important factors in the production of high nitrates in the soil solution. Heavy 
rains may seriously deplete the soil solution in the surface layer of nitrates and 
vice versa. Cropping tends to minimise variation in nitrates. 

Desai [1933] in his experiments on “ The influence of green manure and 
organic residues on nitrogen fixation in soils ” found that fixation of nitrogen 
definitely takes place when green manure, straw or any other organic material is 
added to the soil under favourable conditions of temperature and moisture. 
Whether the crop is leguminous or non-leguminous the total nitrogen of the soil 
is brought up to the same level, because, although the leguminous plants are much 
richer in nitrogen at the time of addition to the soil, the subsequent nitrogen 
fixation in case of non-leguminous crop is much greater. The aeration of soil proved 
to be the main factor responsible for nitrogen fixation. 

Garlach [1934] tried experiments on nitrogen fixation on artificially prepared 
soil by mixing sand, Kaolin, ground marble and the various salts with a small 
quantity of soil in suspension. From the results obtained by him it appears 
doubtful to him whether any free nitrogen fixation takes place in soils which are 
humus-free or which contain only small amount of organic matter. Such nitrogen 
fibkation takes place in soils to which dextrose has been added as a source of energy 
for bacteria. 

Vandecaveye and Villanueva [1934] found that “ the quantities of nitrogen 
fixed during the course of the experiment varied with the organic matter content 
of the soils. Nitrogen fixation was greatly stimulated in three of the four soil 
samples which had received large amounts of carbonaceous organic residue.” 

Wilshaw [1934] observes that his experiments show that the total nitrogen 
content of the Malayan soil is subject to fluctuations which are too high to be 
accounted for by loss as soluble humate. He further says that one is forced to the 
conclusion that the enormous losses are mainly in the form of gaseous nitrogen. 
To counteract these losses, large recoveries are takiug place producing the fluctua- 
tions observed. This can only mean that rapid fixation is occurring at certain 
periods. 

Sreenivasan and Subrahmanyan [1934] state that it may be noted that there 
was considerable fluctuation in nitrogen similar to those recorded by some previous 
workers. On the other hand, the observations on the parallel plots show absolutely 
no relation to changes in season. The quantity of nitrates present at any time 
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shows no relation to either season or treatment. They further state that although 
it is desirable to study changes in the different soils under conditions actually 
obtaining in field practice, there are yet serious inherent defects due to soil hetero- 
geneity, etc. 


The plan of work 

The experiments in connection with recuperation of nitrogen under field 
conditions published in Part III, were carried out on soils which were brought 
under cultivation only a few years before the experiments were started. They 
were virgin soils up to 1924, occupied by scrub jungle and babul shrubs. There 
juar was taken as a rabi crop. 

The present investigation was started to find out what fluctuations in soil 
nitrogen take place under other conditions of climate and soil treatment, especially 
the fluctuations of nitrogen in soils under irrigation and under heavy rainfall. 

The experiments were conducted at three places — (1) Poona, (2) Belgaum and 
(3) Karjat. Each place has its own peculiar climatic conditions and soil treat- 
ments. 

In Poona there were two sets of experimental plots, viz. one set of plots for 
kharif (rainy season) juar and the other set for turmeric under irrigation. 

For the Jwar crop a small area was divided into two adjacent plots measur- 
ing 55 ft. X 20 ft. each. In one of them the crop was sown and the other was 
left uncropped but underwent the same cultural operations as the cropped plot. 

Another area was selected for the irrigated crop in order to study the nitrogen 
fluctuations under conditions of irrigation. This was divided into two equal adja- 
cent plots measuring 110 ft. X 10 ft. each. Turmeric was sown on the cropped 
plot and the adjacent uncropped plot received the same manure, irrigation and 
other operations as the cropped plot. 

The experiments at Belgaum were conducted on a soil the constituents of 
which are derived from both trap and laterite rocks. The soil differs much from 
that of Poona. The climatic conditions also differ. The peculiarity of the tract 
is that three crops are taken in one year. Here an area was divided into three 
adjacent plots measuring 33 ft. x 33 ft. each. The first one was cropped through- 
out, the second was uncropped throughout but received all cultural operations 
including manuring and irrigation, while the third was left uncropped and received 
all cultural operations including irrigation but did not receive any manure. 

At Karjat the soil is derived from trap. The tract received heavy rainfall 
from June to October. Rice is the crop taken from June to the middle of Novem- 
ber. A suitable piece of land was divided into two* adjacent plots measuring 
33 ft. X 33 ft. each of which one was cropped and the other uncropped. 

It will be noticed that in each case it was a single-plot experiment. As it was 
not possible to do the experiment in replicated plots, the difference between the 
individual figures as distinct from the general trend may be taken with reserve. 
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Chemical and mechanical analyses 
Table I 

Chemical analysis 



Poona 

juar 

plot 

Poona 

turmeric 

plot 

Belgaiim 

laterite 

plot 

Karjat 
trap soil 
plot 


On fine air-dry matter 



Per cent 

Per cent 

Per cent 

Per cent 

Moisture . . . . * 

7-53 

6*54 

3-18 

5*37 

Loss on ignition . 

7-45 

8*00 

11*02 

7*17 

Sand (acid-insoluble) .... 

62*46 

65-47 

49*61 

61*86 

Iron (FejjOg) ..... 

6*49 

6*34 

17*58 

11*40 

Alunaina (AlgOj) .... 

6-67 

5*72 

16*64 

11*26 

Lime (CaO) . 

6-17 

4*50 

1*05 

0*92 

Magnesia (MgO) .... 

2*00 

1*82 

0*98 

2*36 

Potash (KgO) 

0-36 

0-36 

0*55 

0*22 

Phosphoric acid (PjOg) 

0-054 

0-06 

0*36 

0*11 

Organic matter (direct determination) 

1-53 

2-16 

4*44 

1*81 

Total water-soluble salts 

0*044 

0*13 

0*14 

0-035 



Grams 


The maximum water-holding capacity 





of soil showed that 100 grams of 





oven- dry soil could take up given 





grams of water • . . . 

78*32 

71*29 

1 

75-91 

67-30 
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Table II 


Mechanical analysis 

(By International Soda Pipette method. The soil was passed through one mm. sieve) 



Poona 
juar plot 
soil 

Poona 
turmeric 
plot soil 

Belgaum 
laterite 
plot soil 

Karjat 

trap 

soil 



On fine air- 

dry matter 



Per cent 

per cent 

Per cent 

Per cent 

Moisture .... 

7-63 

6*54 

3*18 

5* 37 

Coarse sand .... 

12*07 

11*25 

11*22 

4*53 

Fine sand .... 

1 

27*88 

30*65 

14*32 

24*99 

Silt 

25*05 

20*30 

18*60 

30*42 

Clay 

24*99 

25*17 

47*24 

27*77 


pH values 


pH values for all the soil samples were determined by a potentiometer with a 
quinhydrone electrode. 

Method of talcing samples 

Samples were taken by randomisation. From each plot twelve samples of 
surface soil of six in. depth were taken and thoroughly mixed, up and a composite 
sample was taken, dried at 60° 0. to prevent changes and then brought to Poona. 
Soil sample for moisture was taken separately. The randomised spots from which 
the samples were taken were distributed fairly evenly over the whole plot as will 
be seen from the detailed description later on. 

The sampling error 

There is’a likelihood of error in collecting samples even though these are taken 
by randomisation. In order to find out the limits of this error, soil samples were 
collected from uncropped jnar plot. Twelve samples were taken each time by 
randomisation and this was repeated six times on one and the same day. This 
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gaye six composite samples, each containing twelve samples as usual. The figures 
for total nitrogen were as follows : — 

Table III 


Total nitrogen in mgs. per 100 grms. of oven-dry fine soil 


! 

No. of composite sample of soil 

Total nitrogen 


(Mgs.) 

1 

44*52 

2 

44-05 

3 

44-09 

4 

43-93 

5 1 

44-36 

6 

44*02 


The standard deviation of these comes to 0 * 228. This is very small indicating 
that the method of collecting samples is satisfactory and the differences in the 
nitrogen contents of the samples need not be put down as due to error in sampling. 

Soil temperatures were taken at 5 p. m. on the days on which samples were 
taken. 

Methods of analysis 

Total nitrogen , — ^Twenty grams of soil passed through one-mm. sieve, was 
taken in a Kjeldhal flask. The soil was moistened with distilled water and 60 
c. c. of salicylic-sulphuric acid (one grm. in 30 c. c. of sulphuric acid) was added 
to it and kept overnight. Next day five grams of sodium thiosulphate and two to 
four grams of potassium sulphate were added. To this mixture 20 c.c. of 
salicylic-sulphuric acid were added again. It was digested as usual and 
distilled. The distillate was collected in 0*05 V sulphuric acid and then titrated 
against 0 * 05 V caustic potash. Indicator used was alizarine sodium sulphate, 
which gives a sharp change. 

Ammoniacal and nitrate nitrogen 

One hundred grams of soil, passed through one-mm. sieve was shaken for 
half an hour with 160 c.c. of normal sodium chloride, filtered through Buchner 
funnel and then leached with 350 c. c. of normal sodium chloride solution. The 
whole filtrate was transferred to a distilling flask. Three grams of magnesium 
oxide was added and distilled .in 0 * 02 iV' sulphuric acid. The distillation continu- 
ed till the distillate collected was 175 c. c. 

To this flask thr. e grams of magnesium oxide were again added with three 
grams of powdered Devarda’s alloy and distilled in 0*02 V sulphuric acid till 
the distillate collected was 175 c.c. Both these distillates were titrated against 
0*02 N caustic potash separately with alizarine sodium sulphate as an indicator. 


m 
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' - Special precautions taken in analysing the samples 

, (a) Investigators often, take five to ten grams of soil sample for nitrogen- 
determination. Twenty grams of soil were taken in this case to minimise errors 
in the final figures which increase by multiplication, 

(6) 0*05 iV sulphuric acid was used for total nitrogen. 

(c) 0*02 iV sulphuric acid was used for nitrate nitrogen estimation [Crowther 
and Mirachandani, 1931] to make titration as accurate as possible. 

(d) Blank determinations were done and corrections made accordingly. 

(e) Glass-distilled water was used all through. ' 

All these precautions were taken to minimise the working error as much as 
possible. 

Working error 

Whatever the precautions one may take, there is sure to be some working error 
in the case of soil nitrogen which is present in small quantities. It is essentia! 
that working error is determined to get an idea of the extent of real fluctuation 
after making necessary allowance for all sorts of errors. Soon after the, work was 
started, a soil sample was collected by randomisation of the spots, etc., on a plot 
at Karjat. This composite sample was divided into eight parts and soil from each 
of these was analysed for total nitrogen, ammoniacal niferogen and nitric nitrogen,. 
The figures obtained were as follows : — - . ’* 

TableIV 


Milligrams of nitrogen in 100 grms. of oven-dry soil 


Serial Ko. 

Total nitrogen 

Ammoniacal nitrogen 

Nitric nitrogen 


(Mgg.) - 

(Mgs.) 

(Slg:S.V - 

1 

77-52 

0*64 

0*14., 

2- 

77-52 

0*66 

0*14 


78 -38 

0*64 

0*14 ' 

4. 

77-98 

0*68 

';0*16 .,r 

, "5 

77*75 

0*64 

0*16 


77*75 ■ 

0*68 . 

... 0*14 , 


,78*38 

0*68 

■ ^ 0*‘12. r 

S' ' ' 

78 *18 

0*64 

0*12' 
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The standard deviation for total nitrogen comes to 0*3527. Any difference 
which is more than three times the standard deviation, t.e. 0 * 3527 X 3 = 1 * 0581 , 
is significant. Similarly for ammoniacal nitrogen any difference beyond 0*054 
and for nitric nitrogen any difference beyond 0*045 will be significant. 


Climatic data 

Records of climatic data for all the stations at which experiments were carried 
on are given in the Appendix, 


II. Nitrogen fluctuations in non-irrig atbd soils 


The field experiments on nitrogen recuperation given in Part III (1932) were 
laid out at Manjri on a soil which was newly brought under cultivation, which was 
rich in nitrogen (0*073 per cent) and which received agricultural operations for 
rabi juar. For the purposes of this investigation another set of conditions was 
taken. The land selected was under cultivation for years, and contained compara- 
tively a small proportion of nitrogen (0*041 per cent). It was without manure 
for years and was treated for a Man/ crop of juar. The area was taken on the 
Poona Agricultural College Farm which was divided into two adjacent plots measur- 
ing55ft. X 20ft. each. Both of these received the same operations from beginning 
to end, with the difference that one of them was cropped and other was not 
cropped. 


Table V 


Operations 


Date 


Ploughing by C. T2 plough 7 in. to 8 in. deep 
Discing by a disc harrow . . 

Discing by a disc harrow . . 

Harrowing by a blade harrow • • 

Harrowing by a blade harrow 
Sowing by a countrj^ drill 12 in. apart 
Harvesting ..... 


. * 18th March 1933 

. 22nd March 1933 

. . 2nd May 1933 

. 3rd May 1933 

. . 20 th June 1933 

. . 30th June 1933 

. . 6th December 1933 


The previous crops on these plots wore maize (Jcharif) and gram {rabi) in 
1931-32 and nilwa [kharif) in 1932-33. 

The depth of the soil was about two feet. The first samples of soils in connec- 
tion with determination of nitrogen fluctuations in these plots were taken on the 
30th of June and the subse uejit ^jnples were taken at the end , of every month. 
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All the analytical figures are expressed on fine oven-dry 

samples firom each plot were taken by randomisation of spots ^ ^ ^ 

sample of these was dried at 60» C. and taken to the laboratory. The 
ins chart (Fig 1 ) will give an idea as to how the twelve spots for sod samp 
^relirtritatS, Spot. «o skoTO tor the month ot De»mhor 1933 only M thoso 

areer agh to show the distribution without causing confusion. 
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(1) Nitrogen fluctuations on a pht on which kharif juar was grown. 

Total nitrogen and nitric nitrogen were determined firom June 1933 to Jdy 
1934 to get one overlapping month. The following table gives total and nitric 
Sgen !long with the Listure contents of the soil. Soil temperatures were al- 
ws tien at 5 P. M. on the days on which samples were collected. These tempera- 
rJes may be useful as they are of the soil itself. It is quite possible that the 
Nitrogen Lctuation may be affected by the minimum and the maximum tempera- 
tures of the whol IQ ^ 
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Table VI 


tH It 


-Soil temperature, moisture, pH values, total and nitrric nitrogen in mgs. per 100 grms. 

of oven-dry fine soil 


Time 

Soil 

temperature 

Soil 
, moisture 

pH 

value 

Total 

nitrogen 

Mtric 

nitrogen 

1933 








Last week of^ — 




Per cent 


Mgs. 


June . 

• 



33*83 

8*30 

51*07 

0 .*, 2 i 

July . 



•• 

41*05 

8*39 

43*38 

0*10 

August 



- 

31*01 

8*33 

48*52 

0*11 

September . 



33-6 

31*86 

8*23 

66-67 

6*20 

October 



28*1 

26*54 

8*20 

49*22 

0*58 

November , 



29-17 

29*63 

8*37 

47*82 

1 0*45 

December . 



29*6 

26*86 

8-19 

54*04 

0*64 

1934 








January 



31-8 

21*52 

8*32 

47*15 

1*49 

February 



32*0 

17*80 

1 8*29 

53*81 

0*96 

March 



36-0 

12*02 

8-27 

54-44 

0*31 

April', » - - 



37*9 

8*86 

' 8-34 

' 52*91 

0*15 

May . 



39-3 

8-71 

8*14 

52-37 

0*29 

June . 



26-0 

29*45 

8*38 

60*92 

0*36 


It has already been shown that any difference which is more than 1'067 
milligrams is significant. There is therefore no significant difference between the 
total nitrogen of February and March and also between that of April and May. 
But the fiuctuations in total nitrogen for other months are significant. There is a 
sudden fall from 51-07 to 43*38 milligrams per 100 grams of oven-dry fine soil 
between Jrme and July samples. The July sample was collected on the 28th of 
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July Just previous to that date there was a rainfaU of 4' 62 inches (Appendix ). 
Thfmust have washed away nitrogen to a certain extent and hence the lower 
figures for July. High figures for nitrogen are obtained in September, December 
and March ll September, although the crop is growing, there is a high proportio 
of w^fr (not too much as in July) in the soil and the temprature alsp is hi^i. 
This explains why the nitrogen contents are high in September. From ovem^ er 
a.B nitogen contents rise althongl the f 

tnres sloirfy go down. This is heoanse the crop which feeds on the nlttogen 
„n.owed. In Jsn.»y the nittogcn figure is low be^nse the 

tureofthatmonthisaslowasStolO^C. From February onwards, although the 

temperature rises, the moisture goes down and hence the two 
against each other minimise fluctuations. The nitrogen figures for June 1933 and 
June 193-1: do not differ from each other significantly. This clear y prove 
again as shown by Sahasrabuddhe and Kanitkax [1932] that the total nitrogen 
of a soil is not constant but goes on increasing and decreasmg forming 
annual cycle. When a crop like juar is grown without manure but mth all 
necessary cultivation, the soil is able to recuperate aU the nitrogen and thm cyce 
may go on year after year mider the climatic conditions of the Bonibay-Decoan. 
The Lximum fluctuation is from 43-38 to 56-67 milhgrams per 100 ^ms. of 
oven-dry fine soil, i.e. a maximum fluctuation of 30- 6 per cent. This does not 
mean that the soil becomes richer in nitrogen by 30- 6 per cent at the end of th 
year but it shows the range of rise and fall and how the nitrogen contents of the 
soil are kept up from year to year. 

The pH values of the cropped plot vary only but slightly, ranging froni 8 16 
to 8-39. The values' are slightly lower in the months of September, October, 
December and May than in other months. 

The pH values in the uncropped plot range from 8 • 16 to 8 - 53, ahoirag a little 
greater range than in the cropped plot. The pH values for July, September, 
October, January and February are somewhat lower than for other months. 

Nitric nitrogen as given in Table VI above shows a great fall from June to 
July on account of the heavy rainfall just before July sample was taken. After 
that there is a steady rise till January. In December, January and February e 
nitric nitrogen is high and then goes down. It would have faUen m June 1934 
if the rains at that time had been as heavy as in June 1933. 


(2) Nitrogen fluctuations on an uncropped plot adjacent to the juar plot. 

As already stated, the uncropped plot received all the cultivation treatments 

3 the plot under jwar and any differences that may be observed are due to the 

bsence of the crop. Table VII gives aU the important figures. 
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Table VII 


Soil temperature, moisture, pH values, total and nitric nitrogen in mgs. per 100 

grms. of oven-dry fine soil 


Time 

Soil 

tempera- 

ture 

Soil 

mois- 

tiire 

pH 

value 

Total 

nitrogen 

Nitric 

nitrogen 

2933 

Last week of — . 

June 

°C. 

Per cent. 

33*97 

8*30 

Mgs., 

51*07 

0*21 

July .... 


43*42 

8*18 

46*38 

0*31 

August .... 


33*12 

8*37 

44* 01 

0> 34 

September 

33-5 

32*59 

8*31 

43*84 

0*28 

October . 

31*8 

24*54 

8*16 

44*58 

0*46 

November 

30*17 

29*75 

8*18 

46*20 

0*43 

December . 

28*80 

27*10 

8*25 

49*13 

0*69 

1934 

January ♦ 

32*40 

20*68 

8*22 

46*54 

0*78 

February . . . . 

32*25 

15*90 

8*23 

44*39 

1*00 

March . . 

36*20 

12*30 

8*49 

41-27 

0*51 

April 

38*20 

8*90 

8*48 

42*59 

0-34 

May 

38*70 

9*20 

8*53 

41*22 

0*35 

June .... 

26*00 

33*34 

8*53 

42*82 

0*41 


The total nitrogen contents for August, September and October are not 
significantly different. All the other figures show significant fiuctuations. There 
is a fall from June to September and a rise from September to December. Then 
again there is a fall with a small fluctuation till May, and then a small rise. The 
highest figure is 51 • 07 mgs. in June and the lowest in May 41 • 22 mgs. Therefore 
the maximum fluctuation is 23' 1 per cent. 
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The nitric nitrogen is high in December, January and and February as on the 
cropped plot. Except in the months of October, November and January, 
nitric nitrogen is higher in the uncropped than in the cropped plot. 

The nitrogen in the cropped and the uncropped plot was the same to stwt 
with as the previous treatment of the plot was exactly the same. Later on the 
total nitrogen is lower in the uncropped plot than in the cropped plot throug^hout 
the period of the experiment. At the end of the year the uncropped plot is below 
the cropped plot in nitrogen. : When the crop is removed the roots and fallen 
leaves get incorporated into the soil and thus add to the organic matter, but on 
the uncropped cultivated land nothing of that sort hapens pd be^°® 
lowering of nitrogen in the uncropped plot. This confirms the results obtained by 
Sahasrabuddhe and Ghatikar [193 1], Sahasrabuddhe and Kanitkar [1932], and also 
proved by Desai [1933], Penman and Rountree [1932], Vandeeaveye pd Villanpva 
[1934] and others that organic matter helps fixation of nitrogen. This means that 
if a land is cultivated it should be cropped. If it is left uncropped its mtrogen 
content is lowered. 

III. NiTROGEIT FLUCTUATIOliTS IK SOILS UKDEB IRRIGATED COKDITIOKS 

In Part III [Sahasrabuddhe and Kanitkar, 1932] and in section II of 
this paper experimental results are discussed for nitrogen fluctuations in 
non-krigated soils. But there are lands on which irrigated crops are grown 
Id it is therefore important to ascertain what sort of mtrogen fluctuations 
tie place under irri ation conditions. A suitable plot was taken on the 
Poonl Agricultural College Farm and divided into Wo plots each 
measuring no ft. X 10 ft. side by side with each other. A crop of 
turmeric was put on, one with the usual cultivation oprations, manuring an 
irrigation, and the other plot was without a crop but received cultivation, manuring 
and irrigation as the first one. The weeds that came up were removed along with 
the weeding of the cropped plot. Nitrogen determinations were done from month 
to month by obtaining a composite sample from the twelve spots taken by rando- 
misation. The distribution of the spots is shown in the accompanying chart (Fig. 
2) for the month of April 1934 only. Beside these monthly samples taken for 
thirteen months other samples were taken from both, the cropped an t e 
uncropped area from two depths 0 in. to 6 in. and 6 in. to 9 in to see the difference 
infiuctLtions of nitrogen in the two layers. All these determmations were 
parried out -yrith the idea of getting the exact effect of irrigation. 
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Fig. 2. Showing the distribution of the twelve spots of soil sairiples at Poona ‘turmeric plot’ 

for April 1934. 

The soil of these plots is about a foot to one and a half foot deep. It is richer in 
organic matter and nitrogen than the soil for Jttar plots dealt with in the 
previous section. 

As the irrigated plots were on the College Farm, the rainfall, temperature and 
humidity tables for these plots are the same as those for plots given in 
Appendix k. The cultivation and other operations including irrigation are given 
along with their dates in Table VIII. 

Table VIII 

Operations Date 

Ploughing by C. T. plough 7 in. to 8 in. deep . , 23rd March 1933 

Manuring with farmyard manure at 20 cart-loads per acre. 

Discing by a harrow ...... 24th May 1933 

Preparing broad ridges 5 ft* apart by Victory plough. 25th May 1933 
Planting sets at 12 in, X 12 in. apart . . . . 26th May 1933 

‘ Watering 27th May 1933 

Weeding 21st June 1933 

.Watering . . . “ , . ^ . . .. 11th July 1933 

Weeding by hand, 18th August 1933 

Top dressing At the rate of 62 lbs. nitrogen per acre, half 
in the form of sulphate of ammonia and half in the 
form of groundnut cake powder . . . .7th October 1933 

Watering approximately at intervals of ten days from . 28th October 1933 to 

20th February 1934 

Weeding by hand ....... ISth ISTovember 1933 

Weeding by hand ....... 1st December 1933 

Harvesting ........ 12th March 1934 
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Operations during 1934 

Ploughing -with C. T. 2 plough 23rd April 1934 

Clod crushing -with Norwaygian harrow • • • 24th May 1934 

On the turmeric plots the previous crops -were maize (kharif) and gram (rabi) 
in 1931-32 and sTialu juar (rabi) in 1932-33. 

Table IX gives the pH values, the moisture-contents and total nitrogens of 
the cropped and uncropped irrigated plots; the temperatures of the soils of the 
t-wo plots at the time of taking samples did not vary beyond 1°C. and hence the 
temperatures of the cropped plot only are given. 

Table IX 

Soiltemferaiure, moisture, pH values, total nitrogen in mgs. per 100 grams of 

oven-dry fine soil 



1 

Cropped 

i 

XJneropped 


Tim© 

Soil 

tempera- 

ture 

Soil 

Mois- 

ture 

pH 

value 

Total 

nitro- 

gen 

Soil 

mois- 

ture 

pH 

value 

Total 

nitro- 

gen 

1933 

Last week of — 

°c. 

1 

Per cent i 


(Mgs.) 

Per cent 


(Mgs.) 

June • • 


26*00 1 

8-19 

87*25 

27*11 

8*19 

87*25 

July • 


25-92 i 

1 

8-48 

75*11 

27*67 

8*28 

82*65 

August 

. . 

22*11 

8*30 

70*59 

20*87 

8*42 

80-63 

September . 


21*79 

8-35 

72-07 

21-63 

8*32 

76*34 

October 


16-33 

8-30 

77-84 

16*67 

8-32 

76*91 

November . 

27*0 

21-34 

8*27 

76-33 

24*98 

8*17 

1 

i 77*15 

December . 

28*5 

21-27 

8*30 ' 

84-03 

22*03 

8 *42 ' 

83*02 

1934 

January 

28*1 

19-40 

8*43 

77-79 

17*85 

8*42 

83*66 

February . 

30*7 

19-89 

8*44 

73-73 

20*15 

8*36 

93*51 

March 

37*4 

5-82 

8*42 

71-72 

6*43 

1 8*34 

90*15 

April . 

38*0 

6-63 

8*28 

82-20 

6*47 

8*49 

78*96 

May . 

39*8 

6-20 

8*37 

75-27 

6*37 

8*40 

69*11 

June . 

28*6 

25-72 

8*45 

75-69 

24*18 

j 8*45 

73*24 
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The moisture in the uncropped plot in most eases is higher than in the cropped 
plot both during the rains and after. 

In the cropped plot the fluctuation from May 1934 to June 1934 is not signi- 
ficant but all other fluctuations are significant. In May 1933 the plots received 
organic matter in the form of farmyard manure and there was rain in May and 
June. The soil sample for June 1933 therefore shows a high nitrogen figure. It 
goes down rather rapidly in July on account of the heavy rainfall (4*66 inches) 
just before the soil sample was taken. There is a further fall in August, a steady 
rise till December and a fall till March. When the crop is harvested in March, 
there is a rise in nitrogen contents in April on account of the removal of the 
crop. A fall soon starts as the soil contains but very little moisture. The 
sample of June 1934 was expected to come up to the level of the sample of June 
1933 but the conditions were unfavourable. 

In 1933, after the addition of the farmyard manure in May, there was good 
rainfall both in May and June. In 1934, however, there was no rain in May and 
farmyard manure was added as late as 15th June. 

In the uncropped plot there is no significant difference between the total 
nitrogen figures for September and October and between the figures for October 
and November. The same is the case between the figures for December and 
January. All other fluctuations are significant. The nitrogen decreases from 
June to September. It remains at a low level during September, October and 
November and goes on increasing till February. From March onwards the 
irrigation is stopped, the soil moisture goes down very much and the nitrogen 
naturally decreases, falling to its minimum in May. 

The difference between the irrigated cropped and irrigated uncropped plots 
is that the nitrogen is low in the cropped plot during the period the crop is growing, 
but when the crop is harvested the cropped plot shows more nitrogen than the 
uncropped one. After the crop is removed the organic matter in the form of roots, 
etc., which is left behind in the cropped plot, perhaps helps nitrogen fixation. 

The maximum fluctuation of total nitrogen in the cropped plot is from 70*50 
to 87*25 mgs. ^.e. 23*6 per cent. In the uncropped plot it is from 69* 11 
to 93 ’51 mgs. i.e. 35*3 per cent. 

The addition of 62 lbs. of nitrogen per acre as manure on the 7th of October 
makes but little difference, as when the quantity added is distributed over six 
inch acre, it comes to about 3 mgs. per 100 grms. of soil for October sample. But 
the variations from month to month are more than 3 mgs. before October and 
even after October. 

There are slight of fluctuations in the pH values but there is no definite change 
in any direction in the cropped or in the uncropped plot. 


nitrogen recuperation in the soils of BOMBAY PRESIDENCY, IV 
The nitric nitrogen of the two plots under irrigation is given below 

Table X 

Nitric nitrogen in mgs. per 100 grams of oven-S/ry soil 
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Time 

Cropped 

JJncropped 

1933 




Last weals of — 


• (Mgs.) 

(Mgs.) 



0*43 

0-43 

Jime . * • 

. » • 



July 


0-49 

0*33 

August . 

. 

0-21 

0*27 

September 


MO 

0*81 



2*23 

1 * 13 

October . 






D34 

3*51 

November 






2*63 1 

3*91 ■ " 

December 

• • * 



193i 

i 





2-29 

3*62 

January . 






2*17 

2*83 

February 

. • • 





1*72 

4*37 

Maroli 

. 





1*86 

2*29 

April 

♦ • • 





1*40 

1-58 

May 






2*32 

3*46 

J une 



• it 1*^-1 X 


Nitric nitrogen goes down tin Augusr. 

in December for the cropped and the uncropped although there is another higier 
figure in the uncropped in March. The nitric nitrogen is less m the cropped than 

in the uncropped plot in most of the months. 

The nitric nitrogen in June 1934 is much higher than that m June 1933 m both 

the cropped and the uncropped plots. This is perhaps because m the year 1933 
there was a rainfall of 11-41 inches in May and June before the sample was 
taken and hence the nitrates were washed away. In May and Jum 1934, however, 
Le rainfall before the soil sample was taken amounted only to 4-18 inches distri- 
buted all over the month and the nitrates were not washed away as- m June 1933 
When the July rains came, the total rainfall for May. June and July of 1934 went 

19 A . 
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up to 31 inches. Nitrates got washed and the July figures for the nitrates in the 
soil came down as shown below : — . 

Table XI. 


Nitric nitrogen in mgs, per 100 grms. of oven-dry fine soil 


Month 

Rainfall 
before the 
sample 

Cropped 

plot 

Unoropped 

plot 


Inches 

(Mgs.) 

(Mgs.) 

May and Jime 1933 .... 

11*41 

0*43 

0-43 

May and June 1934 . . 

^ 4*18 

2*32 

3-46 

May, Jxiixe and July 1934 . . . 

■ 8-31 

0*66 

i 

0-56 


(2) Difference in the nitrogen fluctuations of the upper six inches ami the lower three 

inches of soil 

The irrigation water was, analysed from time to time but it did not give any 

mtrogen, and so the figures for nitrogen were not in any way affected by irrigation 
waters. In determining fluctuations in nitrogen contents only the upper six inches 
of soil were used. It was, however, considered necessary to ascertain whether the 
nitrogen fluctuations in the lower three inches have the same trend as the upper 
six laches and whether the lower three inches contain more total nitrogen 
than the upper six inches. This is very important because if the tendency is to 
concentrate nitrogen in the lower layer, to study the fluctuations merely in the 
upper SIX inches may not give a complete idea of the variation taking place es- 
pecially on irrigated land where the tendency to wash down constituents is likely 
- to be more than on unirrigated land. ^ 

• ^ In order to ascertam this, on certain occasions, samples of soils from the upper 

SIX inches and also those of 6-in. to 9-in. just below the upper samples, were taken 
by the usual method of randomisationa and preparing composite samples. This 

r analysed from month to 

'• the 16th November 

1933 and the 24th of February 1934 from the cropped and the uncropped irrigated 

Sric nLo''™®"° Z T CoUege Farm. Total nitrogen and 
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The following table gives total nitrogen in both the cropped and the 
uncropped irrigated plots. 

Table XII 


Total nitrogen in mgs, per 100 grms, of oven~dry soil 




Cropped plot 

Uncropped plofc 

Serial 

No. 

Dates of samples 

0-in. to 
6-in. 

6-in. to 
9-in. 

0-in. to 
6-ln. 

6 -in. to 
9-in. 



(Mgs.) 

(Mgs.) 

(Mgs.) 

(Mgs.) 

1 

16th November 1933 

70-85 

65*96 

76*05 

67*38 

2 

24th November 1933 

67*03 

60*01 

90-63 

85*70 

3 

1st December 1933 . 

76*33 

69*39 

77*14 

73-13 

4 

18th December 1933 

74*95 

67*43 

75-60 

74*5-1 

5 j 

23rd December 1933 

79*85 

70*67 

88-59 

72*85 

6 

1 27th December 1933 

84*04 

63*15 

83-03 

70*23 

7 

9fch January 1934 . . . 

68*07 

62*54 

74*89 

70*06 

8 

115th January 1934 . 

77*03 

68*08 

75*28 

64-76 

9 

24th January 1934 . . 

77*79 

67*65 

83*66 

1 

8r*58 

10 

30th January 1934 . 

69*74 

71*15 

94*21 

82*58 

n 

5tli February 1934 . 

69*. 58 

71*10 

82*43 

81*01 

n 

19th February 1934 

72 '72 

69*05 

77 '29 

72*79 

.18 

24th February 1934 

73 '73 

69*74 

93' 48 

75*27 


Table XII shows that the lower three inches generally contain less total 
nitrogen than the upper six inches and further that the trend of fluctuations is the 
same in the upper and lower layers. This shows that the inferences drawn by 
determining nitrogen fluctuations from the top six-inch layers are correct as far as 
the trend of total nitrogen fluctuations is concerned and also with regard to the 
recuperation of nitrogen by the soils. 

Figures for nitric nitrogen from the irrigated cropped and uncropped plots are 
interesting. They given in Table XIII. 
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Serial 

No. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 


Dates of samples 


16th November 1933 
24th November 1933 
ist December 1933 . 
18th December 1933 
23rd December 1933 
27th December 1933 
9th January 1934 . 
15th January 1934 . 
24th January 1934 . 
30th January 1934 . 
5th February 1934 . 
19th February 1934 
24th February 1934 



Cropi^ed plot 

0 in. to j 
6 in. 

6 in. to 

9 in* 


(Mgs.) 

(Mgs.) 


i-20 

1-48 


1*20 

1-04 


1-34 

1-40 


1*67 

1*44 


l'C5 

1-68 


2*63 

1*21 


1-74 

1*14 


1*39 

1*58 


2*29 

1*80 


1*66 

1*58 


0*92 

1*42 


2*11 

2*85 


2*17 

1*48 


Uncropped plot 


0 in. to 
6 in. 


(Mgs.) 


68 
87 
51 
13 
15 
91 
3‘25 
2-14 
3*62 
2’ 34 
2-50 
2-54 
2*83 


6 in. to 
9 iti. 


(Mgs.) 


62 

71 

28 

50 

63 

30 

07 

29 

54 

63 

>60 

>43 

•21 


These figures show that tne nirnc xn 

upper six inches and the lower three inches of soil is invariably less than that in 
the uncropped plot. In the uncropped plot the nitric nitrogen in the upper six 
inches is generally higher than that in the lower three inches of soil. No such 
relation is seen in the nitric nitrogen ot the cropped plot. The figures for the two 
layers do not differ much from each other. 


IV. Nitrogen fluctuations in soils which are irrigated and are under 

CROF ALL the YEAR ROUND 

At Belgaum a rainfall crop of rice is followed by irrigated crops of vegetables. 
There is a system of taking three crops in a year and the land is cropped in the 
same manner year after year. There is the monsoon crop of rice from July to 
October. When the rice crop is removed the land is ploughed and ordinarily 
manured with farmyard manure at the rate of 7- 6 tons per acre. Suitable beds are 
made for irrigation and a mixed crop of cabbage, knolkhol and potatoes is grown. 

crop is on the land till the middlo of April. A top dressing of ammonium 
sulphate (160 lbs. per acre), super-phosphate (112 lbs. per acre) and potassium 
sulphate (112 lbs. per acre) is given in the months of January and December. 
In the second half of April the land is harrowed and sweet potato cuttings are 
planted. This crop is removed in the form of cuttings in the month of June. The 
remaining portion is uprooted, the land is harrowed three times and prepared for 
drilling rice in July. The actual operations done on the plots under experiments 
are given in Table XIV. 
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Table XIV 

Agricultural operations on the plots under experiment at Belgaum during 1933-34 


Operations 

Three harro wings, . * . . 

■Drilling of rice seed {90 lbs. per acre) 

Light interculturing and Pesati operation 

Interculturing and Pesati operation 

Twice intercul tuning .... 

Hand weeding , 

Harvesting of rice 

Ploughing . . . . . . 

Manuring with farmyard manure (2^ tons per acre) and 
groundnut shell manure (7|^ tons per acre). Harrowing 
and prepaiing beds for planting . 

Planting of cabbage, etc., manuring with super-phosphate 
(112 lbs. per acre) and potassium sulphate (112 lbs. 
per acre) . 

Well irrigation from 18th December to 9th June 1934 on 
every fourth day approximately ... . 


Weeding with Fawada and manuring with sulphate of 
ammonia (160 lbs. per acre) . 

Weeding and priming of leaves 
Hemoval of knolkhol . . , . 

Weeding and planting of sweet-potato creepers 
Removal of cabbages ..... 

Removal of cabbages . .... 

Weeding by hand . . . . 

Removal of cabbages ..... 

Removing of sweet -potato creepers 
Removing of sweet potato creepers. Removing of 
weeds, uprooting of sweet -potato creepers, harrow- 
ing crosswise and sowing of paddy 
Hand weeding . . . 


Dates 

In May 1933 
22nd June 1933 
5th July 1933 
15th July 1933 
1st August 1933 and 
10th August 1933 
8th September 1933 
17th Hovember 1933 
18th November 1933 


12th December 1933 


15th December 1933 

In all there were 29 
irrigations given to 
the plots. 

19th January 1934 
5th March 1934 
7th April 1934 
20th April 1934 
28th April 1934 
7th May 1934 
13th May 1934. 

29th May 1934 
25th June 1934 


16th July 1934 
7th August 1934 


The climatic data of Belgaum are given in Appendix B. 

The soil at Belgaum on which the experiments were carried oat is a mixture of 
material derived chiefly from laterite and partially from the Deccan trap. The 
soil is three feet deep and overlies laterite rock. It is well drained and is under 
cultivation for many years past. 

A suitable piece of land was divided into three adjacent plots each measuring 
33 ft. X 33 ft. Plot A was irrigated, manured and cropped ; plot B was manured 
and irrigated but had no crop, while plot G was only irrigated but had neither 
manure nor any crop. The samples of soils were collected from July 1933 to July 
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1934, at the beginning of every month. This cycle gives one overlapping sample 
for July. The collection of samples was done as already stated by randomising 
twelve spots for each plot, and taking composite sample by mixing twelve samples. 
Tig. 3 will give an idea as to how the twelve spots for soil samples were distributed 
for the month of June 1934 only. As all the three plots were under heavy rains 
and were irrigated every fourth day from the end of the rainy season of 1933 to the 
beginning of rains in 1934, the soil temperatures of the three plots taken on the 
same day did not vary beyond one °C. and the moistures not beyond one 'per cent, 
and hence in Table XV below, temperature and moisture of soil in plot A only are 
given to prevent unnecessary repetition. Only total nitrogen contents are taken 
in this table for three plots while nitric nitrogens are considered further on. 

O Spots of cropped plot. 

Q Spots of uncroppsd plot. 


^ ^ ^ I® ife ift JO 14 14 ifc 30 31 34 ' 

E'ig. 3. Showing the distribution of the twelve spots of soil samples at Belgaum for June 1934 


Table XY 

Soil UmperatuTBp moisture^ pH values, total nitrogen in mgs. per 100 gtmns of oven-dry fine soil 
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In considering the figures in Table XV three periods may be taken. The 
first from July to November when the rice crop is growing, no manure is added to 
any plot and there is no irrigation, but all the plots get rain water. The second 
period is from November to April. In this period all the three plots get well- 
irrigation. Plots A and B get organic manure in the beginning of December and 
plot A has vegetables like cabbage, etc., growing. The third period is from April 
to July when no manure is added, all the plots are irrigated and plot A has sweet- 
potato creepers growing. 

During the first period the total nitrogen in all the plots increases. When 
the crop is growing usually the nitrogen in the cropped plot should be less than 
that of the uncropped plot as in the case of turmeric, but contrary to this the 
results of the plots at Belgaum show that when the rice crop is growing the nitrogen 
in the cropped plot is much higher than that in the uncropped plots. 

The highest rise in plot A is in November. In plot B the rise occurs in 
December while in plot C it occurs in October. Soon after the rice crop is removed 
the total nitrogen in plot A falls and the total nitrogen figures of plot A are nearly 
the same as or even less than those of plot B. This may be due to the presence of 
vegetable crop on plot A as is in the case of turmeric plot at Poona. The unmanured 
plot C contains less of total nitrogen than the manured plot B practically all 
along. One striking fact comes out of the figures of total nitrogen given for 
plots A, B and G. The plot A with the rice crop growing on it shows more 
nitrogen than the uncropped plot while the same plot with vegetables 
growing on it shows less nitrogen than the plot without a crop. Plot C, which 
was neither cropped nor manured, shows less nitrogen in July 1934 than 
in July 1933. This is because it got no organic matter during 1934. Plot B, 
which was nnoropped but got the same manure as plot A, shows more nitrogen in 
July 1934 than in July 1933. This is a distinct effect of the addition of organic 
matter in December 1933. The July 1934 figure for plot A, which was both 
manured and cropped, is higher than that for plot B. Plot B shows the advantage 
of manure over no manure and plot A shows the advantage of the cropped over 
uncropped. 

The total quantity of manure added contains one milligram of nitrogen in 
100 grams of soil in six inch acre. This is a very small quantity compared to the 
fluctuation in total nitrogen from month to month, before or after the manure 
was given. 

The maximum fluctuation in plot A is from 203*51 milligrams per 100 grams 
of oven-dry, fine soil in January to 256*94 milligrams in November, which is 
26*25 per eent. 

The maximum fluctuation in plot B is from 203*63 milligrams per 100 grams 
of oven-dry, fine soil in February to 233*32 milligrams in December which is 14*58 
per cent. 
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The maximum fluctuation in plot C is from 197 ■ 69 milligrams per IQO grams 
of oven-dry, fine soil in April to 236-47 milligrams in October which is 19-61 per 
cent. 

The pH values of the cropped plot A vary from 7 • 92 to 8- 18. They show a 
slight fall during the months of September, October and November and practically 
remain the same for the other months. The other plots behave very much in the 
same way. The range of the uncropped, manured plot B is from 7-46 to 8-16 
while for the uncropped, unmanured plot C it is 7-78 to 8-15. 

The quantities of nitric nitrogens of the same plots are given in Table XVI. 


Table XVI 


Nitric nitrogen in mgs. per 100 grams of oven-dry soil 



Tim© 

Soil 

tempera- 

ture 

Soil 

moisture 

Cropped 

and 

manured 

Uncropped 

and 

manured i 

Uncropped 

and 

tmmaniu'ed 

1933 






First) week of 

°c. 

Per cent 

(Mgs.) 

(Mgs.) 

(Mgs.) 

July .... 


28*65 

0*51 

0*51 

0-51 

August .... 


43*16 

0*33 

0*42 

0-48 

September 


43-16 

0*33 

0*05 

0-10 

October . , 

26*0 

34*28 

0*39 

0*51 

0-57 

November 

26*5 

34*21 

0*49 

0*37 

0-96 

December 

23*7 

34*34 

0*34 

0*35 

0-64 

1934 






J aniiary 

23*13 

30*78 

0*73 

2*25 

0-70 

February 

28*25 

27*20 

1*45 

0*99 

1-09 

March .... 

28*16 

27*03 

0*95 

1*37 

1-31 

■ April , . . 

28*70 

25*89 

0*93 

4*10 

2-82 

May .... 

33*30 

23*49 

0*75 

2*69 

2-74 

June .... 

26-0 

23*24 

3*82 

4*88 

6-01 

July . . . . 

.. 

43*16 

0*35 

0*56 

0-52 


294 INDIAN JOURNAL OF AGRICULTURAL SCIENCE [VI, U 

One fact is clear fronfthe above figures that after the rice crop is harvested the 
uncropped plots contain more of nitric nitrogen than the cropped plot. 

The water for irrigation at Belgaum contained appreciable quantities of 
nitrogen, especially in the form of nitrates amounting to 2*86 parts nitrogen per 
100,000 parts of water. There were in all twenty-nine irrigations from the middle 
of December to the beginning of June 1934. The total quantity of nitrogen added 
through irrigation amounted to less than two milligrams per 100 grams of soil. 
This is perhaps the reason why there is a regular rise in nitrates in all the three 
plots from January onwards. The uncropped plots naturally show more nitrates 
than the cropped one. As soon as irrigation is stopped in the beginning of June 
the rains set in and the nitrates are washed away rapidly. Although the amount 
of nitrogen added through irrigation is sufficient to influence the increase in 
nitrates in the soil, it cannot account for the fluctuations in total nitrogen which 
are far greater than the nitrogen added by irrigation. 

V. Nitrogen fluctuations in soil under heavy rainfall conditions 

Experiments described in the previous sections furnished data for nitrogen 
fluctuations in soil under irrigation and with high rainfall followed by irrigation. 
Aset of experiments was arranged at Karjat about sixty miles from Poona on the 
Bombay-Poona line, to study the nitrogen fluctuations in soils under heavy rain- 
fall. On the Government Experimental Farm at Karjat, an area was divided 
into two equal plots adjacent to each other measuring 33 ft. X 33 ft. each. On 
one plot transplanted rice was grown and the other was left without a crop but 
received water and all other treatments just as the cropped plot. No plot received 
any manure. The usual practice is to plough the land as soon as the first monsoon 
rains are received. There is a second ploughing after about a fortnight. The land 
is puddled and planked in July just before transplanting rice seedlings. The crop 
is harvested in November. 

The climatic data of Karjat are given in appendix 0. 

Usually washings from the upper fields are allowed to run in to the lower 
fields. This was not allowed in the experimental plots. The rain water was 
allowed to accumulate in beds, and excess allowed to run out. 

The soil of the plots under experiment is one and a half feet deep lying over 
trap. The samples of soils were taken as previously described by randomisation 
and by preparing a composite sample from twelve spots from month to month. 
Eig. 4 will give an idea as to how the twelve spots for soil samples were distributed 
for the month of July 1933 only. Temperatures and mositures for both the plots 
were nearly the same, temperature varying within one °G. and moisture 
varying within one per cent. The total nitrogen figures are given in Table XVII. 
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E'lg. 4. Showing the distribution of the twelve spots of soil samples at Kai’jat cor July 19»5^5. 
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Table XVII 

and moisture of the soil, pH values and total nitrogen in mgs. per 
100 grams of oven-dry, fine soil 


Temperature 


Total 

nitrogen 

uiicroppec 

plot 


Total 

nitrogen 

cropped 

f/lot 


Time 


im 

Second week of- 
July . 
August 
September 
October 
November 
December 


1934 
January 
February 
March . 
April . 
May 
J une . 
July . 


In the uncropped plot the total nitrogen is practically the same from begin- 
ning to end except that there is a fall in the month of September 1933 and a fall 
again in July 1934 and a rise in March 1934. The other fluctuations are not much 
beyond working error. On the cropped plot, nitrogen is nearly steady during 
July, August and September, falls in October and rises distinctly in November. 
It is then nearly constant till January 1934 and comes down further and remains 
nearly at the same level throughout. 

There is an important difference in the cropped and the uncropped plot. The 
cropped plot being almost always higher than the uncropped plot in total nitrogen. 
At the end of the cycle, the uncropped plot is lower in nitrogen than it started with, 
on account of the absence of crop and therefore for want of addition of organic 
matter. The cropped plot which receives organic matter in the form of roots and 
stubbles keeps its nitrogen contents at a higher level than the uncropped plot. 

Here again it is seen ihat during the life time of the crop the nitrogen is higher 
in the cropped than in the uncropped as in the case of rice plots at Belgaum. It 
can therefore be stated that during the life time of the crop the cropped plot was 
higher because of the presence of rice crop and after the crop was harvested, the 
cropped plot had the advantage of the crop residues. The lowest figure of total 
nitrogen is 81*19 milligrams per 100 grams of oven-dry soil in July 1934 and the 


Soil 

tempera- 

tare 

Soil 

moisture 

pH 

value 

®C. 

Per cent 



40-22 

7-69 


40-22 

7-61 


40-22 

7*70 

30*2 

36*80 

7-78 

24-7 

34*26 

7-90 

26-7 

16*71 

7-97 

27-1 

6*78 

7-98 

32*0 

6*66 

8-03 

39-3 

6*65 

7-91 

44-6 

6*40 

7-90 

40*4 

6*94 

7-85 

26-0 

33*15 

7-95 

• • 

40*22 

7-64 
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Mghesfc is 86^29 milligrams per 100 grams of oven-dry soil iirMarck 1934. The 
maximum fluctuation therefore is 6 • 27 per cent in the micropped plot. 

In the cropped plot the lowest total nitrogen is 82 * 04 milligrams per 100 grams 
of oven-dry soil in May 1934 and the highest is 91 ■ 72 milligrams per 100 
grams of oven-dry soil in November 1933. The highest fluctuation therefor is of 
11 *8 per cent. 

Both the cropped and the uncropped plots show but very little change in the 
pH values. Values are very slightly lower in the rains than in the other seasons. 
The range of the cropped plot is from 7 • 61 to 8 * 03 while that of the iincropped plot 
is from 7*21 to 7*74. 

Table XVIII 


Temperature and moisture oj the soil and nitric nitrogen in mgs, per 100 grams of 

oven-dry, fine soil 


Tim© 

Soil 

tempera- 

ture 

Soil 

moisture 

Nitric 

nitrogen 

in 

cropped 

plot 

Nitric 

nitrogen 

in 

imcropped 

plot 

im 

Second week of — 





Per cent 



July 



• 


40*22 

0*38 

0*38 

August . 



* 


40*22 

0*04 

0-13 

September 





40*22 

0*2.^ 

0*30 ' 

October 




30*2 

36*80 

0*10 

0*22 

November 




24-7 

34*26 

0*37 

0*13 

December 




26*7 

16*71 

0*53 

0*50 

im 








January 




27*1 

6*78 

0*37 

0*35 

February 




32*0 

6*66 

0*33 

0*43 

' March'; . . . . 




1 39*0 

j 

6-65 

0*32 

0*41 

April . 




1 44*6 

6*40 

0*31 

0*39 

. ' '. May . . . . . . 


• 


40*4 

6*94 

0*15 

0*13 

June 

• 

• 

- 

26*0 

33*15 

0*42 

0*34 

J lily 

• 

• 

• 


40*22 

0*20 

0*17 
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The nitrio nitrogen is low during rains both in the cropped and the uncropped 
plots, but lower in the cropped than in the uncropped. From hTovember onwards 
the nitrates rise and reach the highest point in December, slowly fall till May, rise 
again in June and begin to fall in July. 

VI. Discussion of results 

So far the results of each set of experiments have been discussed separately 
under each section. It is necessary now to consider the results of all the sc^s taken 
together in order that the conclusions arrived at may be of general application. 
The results obtained may be considered under the following heads : — 

(1) Relation of organic matter in the soil to the total nitrogen, (2) fluctuation 
in total nitrogen, (3) conditions under which the highest point of total nitrogen is 
reached, (4) conditions under which the lowest level in total nitrogen is reached, 
(5) effect of manuring and cropping, (6) fluctuation in the nitric nitrogen, and (7) 
general. 

(1) Relation of orga^iic matter to total nitrogen 

In finding out this relation it is better to consider only the uncropped and 
unmanured plots and compare the highest and lowest levels of total nitrogen with 
the proportion of organic matter in the soil. It is seen from the following figures 
that both the highest and the I owest levels of total nitrogen are higher in soils 
with larger proportion of organic matter. 

Table XIX 


Relation of organic matter to total nitrogen in soils 




Per 100 grams of 
oven- 

dry, fine soil 

Plots 

Organic 

matter 

Highest 

point 

of 

total 

nitrogen 

Lowest, 

point 

of 

total 
nitrogen ' 


Per cent 

(Mgs.) 

(Mgs.) 

Poona /war (uncropped) . . . . . 

1-53 

51-07 

41-22 

Karj at rice uncropped . . ... 

Belgaum uncropped and unmanured (before manure 

1*81 

86*29 

81-19 

was given to other plots) 

4-44 

236*47 

197*69 


At Belgaum organic matter as farmyard manure was added to plot B in 
December 1933 while plot C was not manured. In every other way both the plots 
were treated alike. Before the manure was added the total nitrogen of plot 
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C was not lower than that of plot B, but from January onwards plot B showed 
higher nitrogen than plot 0 and this might be put down as the effect of organic 

matter added (Fig. 6). 

Uanured* 


Unmanured# 



Total nitrogen in manured and unmanured plots 




Per 100 grams of 
oven-dry, fine soil 
after manure was 
added 

Plot 

Condition 

Highest 

point 

of 

total 

nitrogen 

Lowest 

point 

of 

total 

nitrogen 

0 1 

Unmanured (after the other plot was manured in De- 

210*26 

197-69 

B 

cember) . • • » 

Manured . • ? y ^ * 

234*42 

203-63 




21 
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(2) Fluctuation in total nitrogen 

Fluctuation in total nitrogen does not seem to depend wholly on organic 
matter. It depends at least partially on the lime and the phosphoric acid contents 
of the soils [Sahasrabuddhe and Ghatikar, 1931]. Table XXI brings this out. 
It giyes the organic matter, lime and phosphoric acid contents of the unmanured 
and uncropped soils with the maximum difference between the highest and the 
lowest proporfcions of total nitrogen and the percentage increase in each plot. 

Table XXI 


Soil comtUmnts of unmxnured and uncropped plots with the nitrogen fluctuations 


Plot 

Organic 

matter 

Lime 

(CaO) 

Phosphoric 

acid 

PaOs 

Highest 

point 

of 

total 

nitrogen 

Lowest 

point 

of 

total 

nitrogen 

Per cent 
increase 


Per cent 

Per cent 

Per cent 

(Mgs.) 

(Mgs.) 

Per cent 

Poona (/war) \m- 
cropped 

1-53 

6-17 

0*054 

51*07 i 

41-22 

23-1 

Belgaum uncrop- 
ped 

4-44 

1-05 

0*36 

236*47 

197-69 

19*6 

Karjat uncropped 

1-81 

0-92 

0*11 

86*29 

81-19 

6*3 


The larger the proportion of lime, the greater is the fluctuation in total nitro- 
gen modified by the proportion of phosphoric acid. The actual quantity of total 
nitrogen may depend on the organic matter but the fluctuation appears to be 
affected by the proportion of lime and phosphoric acid contents [Sahasrabuddhe 
and Ghatikar, 1931], The Karjat soil which contains oiJy a small proportion of 
lime shows a very small fluctuation. 

(3) Conditions under which the total nitrogen reaches the highest point 

The highest point of total nitrogen is affected by many factors. Ordinarily 
the total nitrogen is high during the cold season from November to February. 
Although the minimum air temperatures in these months are low they are rarely 
so low as to interfere with the reactions in the soil. The maximum tempera-' 
tures and the moistures in the soil taken together are favourable for the reactions 
taking place in the soil. In the cold season the minimum air temperatures may 
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go as low as 8°C. to 10*^0. and there is, under these circumstances, sometimes, a 
fall in total nitrogen in the unirrigated plots as will be seen from the total nitrogen 
figures for January for the juar plots at Poona. During the cold season the 
mean maximum air temperatures varied from 27°C. to 34°G. and the mean mini- 
mum air temperatures varied from 8°G. to 24°C. The soil temperatures at 5 
F. M. on the days of taking samples varied between 27°0. and 33®C. Sometimes 
another high figure for total nitrogen is obtained m June when the soils which 
get heated during summer are wetted by June rains. 


Table XXII 


Showing the plots and the months in which the highest or very nearly the highest 
figures for total nitrogen are obtained 


Plots 

Months 

Poona juar cropped plot . . . * 

December and September, 

Poona juar uncropped plot . , . . 

December and June. 

Poona turmeric cropped plot .... 

December and June. 

Poona turmeric uncropped plot . . 

February and J une. 

Belgaum manured, cropped and irrigated plot . 

November, 

Belgaum manured, uncropped and irrigated plot 

December and June. 

Belgaum unmanured, uncropped and irrigated 

October. 

plot} 

Karjat rice cropped plot . . . 

November. 

Karjat rice uncropped plot . . 

January and June. 


(4) Conditions under which the total nitrogen reaches the minimum level 

The minimum figures for total nitrogen do not fall in any particular month— 
the month changing with the treatment of the soil. The total nitrogen, however, 
is generally low in the hot weather when the moisture goes down. The lowest 
figures are in many cases in May because the moisture is very low. But some- 
times very low figures of total nitrogen are also obtained in the rainy season, per- 
haps on account of the washing away by rains. Belgaum plots being irrigated 
for eight months form exceptions to the above statement. 
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Table XXIII 

Showing the plots and the months in which the minimum level of total jiitrogen 

is reached 


Plots 

Months 

Poona i-war cropped plot 

July. 

Poona /war uncropped plot .... 

May. 

Poona turmeric cropped plot .... 

August. 

Poona turmeric uncropped plot . . 

May. 

Karjat rice cropped plot . . . . 

May. 

Karjat rice uncropped plot .... 

September. 


For Belgaum plots, although the lowest figures are not in May, still the total 
nitrogen figures in the hot season are, on the whole, low. 


(5) The effect of cropping on the total nitrogen of soils 

The effect of crop on the total nitrogen is not the same with all the crops. The 
juar plots at Poona and the rice plots at Karjat show that the cropped plots 
contain more total nitrogen than the uncropped plots, both during the growing 
period of the crops and also after they are removed. At Belgaum during the 
growing period of rice, the cropped plot A contains more total nitrogen than the 
uncropped plots B and C. But when vegetables are planted after rice in Belgaum 
the same plot A shows less nitrogen in certain months than the uncropped plot 
B (treated exactly like A except for the crop). The turmeric plots at Poona 
show that when turmeric is growing on the land from July to March the cropped 
plot has less total nitrogen than the uncropped one. But as soon as the crop is 
removed, the cropped plot gets better than the uncropped plot. The question 
as to which crops help nitrogen recuperation during their growing period must 
form a problem by itself for an independent investigation (Pigs. 6, 7, 8, and 9). 
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Jun. Jul. Aug. Spt. Oct. Hov. Dec. Jan. Feb. Mar. Apl. May June. 

55 & 55 5l^ 54 . 


Fig. 6. 


Total nitrogen 


in pmr plots, Poona (showing that the cropped plot always icontaina 
more total nitrogen than the unoropped plot). 


Cropped plot. 


Uncropped plot. 


to 



July Aug. Spt. Oct. Nov. Ccc. Jm. Feb. Mar. Apl. May Jun. July 


Fig. 7. Totol nitrogen in rice plots at Karjat (showing that the cropped plot contains more 
total nitrogen than the nncropped plot). 
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Fig. 9. Total nitrogen in turmeric plots, Poona (showing that the total nitrogen in uncropped 
plot is more than the cropped plot during the period while crop is on the land. After it 
is removed in March the total nitrogen in uncropped plot becomes less than the nitrogen 
in the cropped plot as in April 193 1 ). 

Although during the growing period of the crop, all crops do not show the 
same effect on the total nitrogen, yet after the crop is removed the residues of the 
crop left in the soil help the cropped plot to get more nitrogen than the uncropped 
ones in all the cases studied. Cropping therefore has a good effect. Manuring 
and cropping affect the total nitrogen in general and the highest point reached. 
The lowest figures however are affected only slightly and that too only at times 
as is seen from Table XXIV given below. 


Table XXIV 


Comparison of minimum total nitrogens in the cropped and the uncropped plots {Mgs^ 

per 100 grms- of oven-dry soil) 


Crop and place 

Cropped plots 

IJnoropped plots 

Juar at Poona 




43-38 

4P22 

Turmeric at Poona , 




70-59 

69*11 

Rice at Bel gaum 

. ■ 


. 

203-51 

203-63 

Rice at Karjat 

. * 

. * ■ 


82-04 

82*46 
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(6) Fluctuations in nitric nitrogen 

With the exception of the Belgaum plots, which may be considered separate- 
ly, it is observed that all the plots, both cropped and uncropped, show high pro- 
portion of nitric nitrogen during the cold season from November to February 
when the moisture and temperature conditions taken together are favourable for 
nitrification. Sometimes nitrification is active in June when the soils get wetted 
after being heated in the hot season. The lowest figures of nitric nitrogen are in 
the middle of the rainy season, since the nitrates are perhaps washed away by 
rains (Figs* 10, 11, 12 and 13). 


Croppeoi plot. 


Uncropped plot. 


JO su 

1,6 

1.lt 

u 

hO 

1,2 

o * 

O rH 

Ip" ..-1 

o 

1.0 

U TO 

TO 

a« 

0.8 

a> 

TO -H 

0.6 

bO t* 

.«-i net 
(tH 

0 . 1 t 

n mil 
oven 

0.2 

•ri 

0.0 



Fig. 10. Showing the nitric nitrogen in cropped and nncropped plots o£ juar at Foona, 



milligrams per 100 grams 
oven dry fine soil. 
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Cropped plot 
Uncropped plot 


S’ig. 12. Showing the nitric nitrogen in cropped and uncropped plots at Karjat. 
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Table XXV 


Showing the plots and the months' showing minimum and maximum nitric 

nitrogen 


Plots and places 

[ Montlis of 

1 minimum nitric 
nitrogen 

Months of 
maximum nitric 
, nitrogen 

Poona juar cropped plot , 

• 

July and August 

i ' ’ 

I January 

Poona iuar uncropped plot 


■ July 

j .February 

Poona turmeric cropped plot 

. 

August . 

1 December 

i 

Poona turmeric uncropped plot . 


August . , ^ 

i 

1 

1 

I December , and 
March 

Karjafc rice cropped plot . 

. ' . 

1 

: August! . . . 1 

December 

Karjat rice uncropped plot 

• 

August and May j 

December 


Generally the nitric nitrogen is higher in the imoropped plots than in the 
cropped plots. 

In the Belgaum plots the nitric nitrogen is low during the rains but the high- 
est mark is not reached in the cold season but goes on increasing till June, This 
is so because the plots were irrigated from November to June with water which 
contained nitrates. The difference due to the crop is clear at Belgaum because 
plots B and C which were not cropped show more nitric nitrogen than plot A which 
was cropped throughout the period from November to June. 

(7) Oemral 

It is contended by some that the soil heterogeneity is so much that no accu- 
rate estimate of the various changes in nitrogen in soil can be obtained by carry- 
ing out experiments in the field. Such investigation must therefore be carried 
out under controlled conditions of the laboratory. 

It may be made clear here that the study of the nitrogen recuperation was 
first done in the laboratory, under controlled conditions [Sahasrabuddhe and Daji, 
1925 and Sahasrabuddhe and Ghatikar, 1931]. After definite results were 
obtained there, field experiments were undertaken to see what actually takes 
place under the usual conditions of cultivation and climatic changes. 

In order to get an exact idea about the periodic fluctuations in the nitrogen 
of the soil it is necessary to study the changes for a cycle of twelve months and 
this was done in the investigation under consideration. All possible precautions 
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were taken in collecting samples. The sampling error in e:xperiirients is small 
and the differences in the nitrogen contents of the soil cannot be put down to 
error of any kind. The plots chosen represent distinct types of cultivations. 
The results obtained are not erratic but show some regular tendencies in the changes 
as discussed above. The changes, therefore, must be taken as indications oi what 
actually happens. 

VII. CONOLUSIONS 

1. The nitrogen of the soil, under the conditions of the Bombay- Deccan, is 
not a constant quantity. It fluctuates from month to month according to mois- 
tures and temperatures of the soil, which depend in their turn on the climatic 
conditions, thus confirming the results published by Sahasrabuddhe and Kanitkar 
[1932] , There is an annual cycle of these fluctuations, indicating regular loss and 
recuperation of nitrogen by the soils. This holds good not only for the rabi lands 
as shown by Sahasrabuddhe and Kanitkar [1932] but also for kJiarif dry lands, 
heavy rainfall lands and for lands under irrigation. 

2. In the kharif , irrigated and heavy rainfall soils the highest point of total 
nitrogen is reached in cold season and some times in June also. The lowest level 
is reached in July or August, i.e., in the middle of the rainy season or in May when 
the moisture is very low. 

3. The larger the quantity of organic matter in the soil, the greater is the 
proportion of nitrogen in the soils. 

4. Addition of organic matter as manure or m the form of roots and leaves 
of crops helps in fixing nitrogen by the soils, 

5. The fluctuations in total nitrogen depend, at least partially, on the pro- 
portion of lime and phosphoric acid contents of soils. 

6- During the growing period of a crop the cropped cultivated land is better 
than the uncropped cultivated land with certain crops, as rice and kharif juar 
but the reverse is the case with certain other crops, as irrigated vegetables and 
turmeric. This question however requires further investigation. 

7. In aU the cases studied it was observed that after the crop was removed 
the cropped soils were better in nitrogen than the uncropped ones, 

8. When a soil is cultivated it is better to crop it than to leave it uncropped. 

9. Nitric nitrogen is higher in cold season which extends from November to 
February and in June at the beginning of the rains. 

10. During the life of the crop, the cropped plots contain less nitric nitrogen 
than the uneropped plots. 
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Appendix A 


TU climatic data noted on the Foma AgricvMural College Farm for the year 1933-34. 


Month and year 

Bainfall 

Mean temperature of the 
month and of the week 
of sample taken 

Mean 

humidity 

month 

Maxima 

Minima 


(Inches) 

fc.) 

CC.) 

(Per cent) 

1933 





May . . * • 

5*98 

36*66 

21*94 

78*8 

5*48 

33-47 

21-66 

83-2 

June . . • • 

Week of sample 

3*23 

27-22 

29-30 

20-66 

21-66 

93*0 

88*4 

July . • 

A . ao 

27*22 

21*11 

94*9 

Week of sample 

‘k 

7*24 

27-98 . 

20-83 

89*8 

August . . • • 

Week of sample . 

0*29 

29-44 

29-56 

20-55 

20*55 

86*5 

88*22 

September 

A* 

31-11 

19*44 

85-60 

Week of sample 


31*02 

18-46 

85*6 

October . . • • 

X vX 

30*55 

13-89 

84*7 

Week of sam[)le 

0* 91 

30-96 

13-68 

77*6 

November 

U 4iL 

31*11 

14-72 

79-3 

Week of sample . 


25*97 

9*93 

82*4 

December 

I vv 

28*89 

8*33 

i 83*8 

Week of sample • 



1 

1934 







29*58 

8*61 

80*09 

January . . • • 

• • 

30*55 

10*55 

78*1 

Week of sample 

• • 

33*68 

9-44 

71*6 

February . . 

• • 

33*89 

IMl 

65*5 

Week of sample . 

• • 

36*36 

13*59 

65*4 

March . 

• • 

40*00 

16*90 

62*7 

Week of sample . 

* * 

40*05 

22*29 

65*1 

April . . • • 

• • 

39*66 

18-33 

59-3 

Week of sample . 

’ o*28 

39*08 

21*11 

68 *0: ' 

May . . • • 

38-33 

22-22 

59*22 " 

Week of sample . 

3*90 

32-66 

21*80 

■ 78 * 1 ', 

July . . . • 

1 • OK 

29 * 16 

21*67 

; 84*4 ., '; ./ 

Week of sample . 

X \J*J 
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-ji I AppeniiiK B 

The climatic data mUd Belgaum for fjie year 1933-34 



E-ainfall j 
of the " 
month and 
of the week 
in which 
the sample 
was taken 


Mean temperature of the 
month and of the week " 
of the sample taken 


Month and 


Mean 

humidity 


Maxima 


Minima 


(Inches) 


May 

June 

July 

Week of .sample 
August 

Week of sample 
September 
Week of sample 
October 

Week of sample 
November 
Week of sample 
December 
Week of sample 


January , 

Week of sample 
February . 

Week of sample 
March 

Week of sample 
Apnl 

Week of sample 
May 

Week of sample 
June 

Week of sample 
July 

Week of sample 
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Appendix C 

TM climatic data noted at Karjatfor the year 1933-34 


Montli and year 


Bainfall 
of the 
month and 
j of the 
I 'week in 
I which the 
I samfie was 
I taken 


(Inches) 


Mean temperature of the 
month and of the week 
of the sample taken 


Mazima 


rc.) 


Minima 


fC.) 


Mean 

humidity 


(Per cent) 


1933 


May 

June 

July 

Week of sample 
August 

Week of sample 
September 
. Week of sample 
October . 
Week of sample 
November 
Week of sample 
December 
Week of sample 


5-10 

27*64 

44*97 

6*56 

45*53 

2*82 

24*86 

6*31 

4*49 

0*13 


i *53 

1*53 


35 * 

83 

30 * 

53 

28 * 

24 

28 * 

89 i 

27 * 

60 1 

28 * 

89 S 

29 * 

00 1 

27 * 

’78 1 

31 ' 

■80 

30 - 

'56 ^ 

32 

*80 

32 

•22 

30 

*76 

29 

•44 


24*20 

22*50 

23*90 

23*89 

22*90 

23*59 

23*60 

23*30 

21-70 

21*10 

16*50 

17*78 

12*72 

16*87 


71*60 

84*20 

86*90 

82*70 

84*90 

89*60 

89*20 

89*90 

89*00 

85*30 

81*10 

83-00 

79-50 

77-70 


1934 


January , . 

Week of sample • . 

February . 

Week of sample 
March . . » 

Week of sample • 
April 

Week of sample 
■ May . ■ . ... 

Week of sample 
June‘1 . . 

Week of sample 
July , 

Week of sample 


33*29 

3*19 

36*34 

7*16 


30*27 
30*55 
34*44 
33*89 
36*11 
37*80 
45 * 90 
37*22 
38*05 
38*33 
30*99 
31*11 
27 '80 
28*10 


11*25 

7*22 

12*60 

12*80 

15*30 

17*80 

21,85 

22*20 

23*19 

23*30 

22-80 

17*20 

23-32 

23*50 


90*10 
96-00 
74-10 
76*30 
68*00 
62*60 
73*20 
71 30 
74-80 
69*80 
80*90 
83*30 
87*20 
85*00 


as 
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(With three text-figures) 

Iktkodtjctiok 

Very low yields of seed cotton — ^about 150 to 500 lbs. an acre — are obtained 
on the black cottoh soils of Malwa in contrast with the higher production — 300 
to 1,500 lbs. an acre — ^from Punjab soils. In most of the high-yielding, arid areas 
cotton is sown in the hot weather much before the rains. When similarly sown 
in advance of the rains in Malwa local varieties also yielded equally high. [Kuber- 
singh and Wad, 1934, unpublished]. Similar results from early sown crops have 
been reported from other parts of India [Burt, 1919 ; Hilson, 1928 ; Main, 
1908]. Being very well convinced of the depressing influence on yield if sowings 
are delayed after the rains break, the Malwa cultivator takes good care to finish 
his sowings rapidly on the beginning of the monsoon. Other crops behave simi- 
larly ; maize is preferably sown in the middle of May on garden lands in Malwa. 
In an experiment at Indore in 1933 the maize varieties, Eitzroy and Imperial 
Yellow Dent gave acre-yields of 2479 and 2120 lbs. for the hot-weather-sown crops 
and 479 and 256 lbs. for those sown on rains. 

Better nitrogen nutrition appeared at least partly responsible for these in- 
crements in yields. Before any more efficient system of cultivation could be de- 
vised to secure better yields of cotton it seeiried essential to secure an accurate 
estimate of the equilibria and intensities of nitrogen, nitrified or in another form, 
that may exist in the black cotton soils during the growth periods of an irrigated, 

( 316 ) 
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liot-weatlier-sowii cotton crop. Direct exposure of the soil surface — ^wet or dry — to 
sunlight; and protection of the lower layers from light and to some extent from the 
effect of wind, are the main features in the environment of a hot- weather crop in 
its early stages.' Under conditions very closely approximating to those in the 
field, determinations were made of the influence of direct sunlight and tempera- 
tures on the nitrification as well as the conservation of nitrogen, both in dry and 
moist soils, with and without manures. The theory has recently been. put for- 
ward that' nitrification in the tropics occurs mainly, through photo-chemical and 
not biological agencies [Dhar. and Bao, 1931]. Sarkaria and Pazal-ud-Din 
[1934], however, suggest the need of further confirmation before finally accept- 
ing this view. ■ The work to be described .gives further information on the subject. 

: e . 

Mateeials anb methods 

Duriug the summer of 1933 an attempt was made to estimate the effect of the 
factors given below on the nitrification and conservation of nitrogen in the surface 
two inches of soil : — 

(1) Soil moisture, 

(2) Exposure to direct sunlight* 

( 3 ) Atmospheric humidity. 

(4) Inorganic and organic manures applied at normal field rates. 

The parts played by the biological and the recently-suggested photo-chemical 
agencies during nitrification [Dhar, Bhattacharya and Biswas, 1933 ; Tandon 
and Dhar, 1934] were also determined. 

The technique used was essentially that described in Part I of this series [ Wad 
and Panse, 1933]. Soil, evenly graded by passing through a 2-mm. 'sieve, was uni- 
formly filled in galvanised iron trays 12 in. x6 in. and 2 in. deep. The soils used 
were either unmanured or were mixed thoroughly with compost or ammonium 
sulphate equivalent to; a .rate of 17 lbs. of nitrogen per acre/two inches. ■ Half the 
number of trays were kept in the open in an uncropped field on suitable supports, 
eighteen inches above ground level and exposed to direct sunlight, side by side 
with an equal number kept screened from the sun by a corrugated iron sheet roof 
sloping towards the Horth and by removable screens to the East or West as 
needed. Half the number of trays in each set contained dry soil. Sufficient water 
was added to raise the water content to thirty per cent. The actual daily fluctua- 
tions in moisture content ranged between the minima and maxima of fifteen and 
thirty per cent respectively in covered trays and ten and thirty per cent in those 
exposed, all losses being replaced daily. The hygroscopic moisture in the original 
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soil was 9*3 per cent and its saturation capacity was 60*0 per cent. Both un- 
tnanured and manured soils were included in each, group and the position of each 
tray within a group was interchanged daily at random. The arrangement may 
be represented thus : 

8%n Shade, 


iWatered 


I Unwatered 


Watered 


Unwatered 


Temperatures in the vicinity of each group were recorded daily at 11 a.m. 
and 3 p.m. (Figs. 1, a and 6). The temperatures in the shade were lower on an 
a\ erage by 6° F. than those in the sun during the hottest period of the day in the 
warmer spells, the difference being even less on cooler days. The Campbell- 
Stokes sunshine recorder — universal pattern — ^was used to record the intensities 
and duration of sunshine. According to the breadth of markings on the paper 
the total period of daylight was divided into three portions representing low, 
medium and high light intensities. 


riG.l.a TEMPCRATUWES DUPIIN6 EXPEP?!MENT (V.) 



temperature 

AT ii A.M. 

TEMPERATURE 
AT ar P.M. 


Fig. 1. Temperatures during experiment (*F.) 
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Table I 


Hours of sunshine during the period of nitrification 



1 .■ ' 

Total hours of 


Hxposui'e 

i higli 

i intensity 

^ . i 

i mediiim i 
intensity 1 

low 

intensity : 

Total 

19tli April— 20tli May 

21st May — i9th June 

. i 63 

. I 64 

j 116 ! 

I 92 

27 

89 

206 

195 

Total 

. 1 127 

1 208 

! 66 

1 

401 


In order to estimate the extent of the photo-chemical activity, several 100- , 
grm. lots of soil, dry as well as wetted, -with and without manures as in the main 
experiment, were sterilised in culture flasks, Roux’s pattern 8 in. X 5 in. x 2 m. 
plu^ced with cotton wool. The dry soils were sterihsed at 150“ C. for twelve hours 
and the wetted soils at 120° C. in an autoclave for eight hours. An equal number 
of flasks of each kind were kept side by side both in light and in darkness at air 
temperatures, care being taken to interchange the positions of the flasks in each 
set to ensure uniformity throughout the experiment. The results obtamed were 

again confirmed by another trial vith unmanured soil. 

The unsterilised sets of the main experiment were started on 19th April and 
continued up to 19th June 1933. Nitrates were determined by the phenol-di- 
sulphonic-acid method and total nitrogen by the modified official Kjeidahl method 
after thirty-one and sixty -one days in the xmsterilised set and after thirty-two 
days in the sterile set. Any chance infections of the sterilised sets during the 
period of experiment were traced by plating out each sample, and the nitrogen 
changes in such infected samples were considered separately. All results were 
statisticafly evaluated by Fishers’ ‘ t ’-test. P less than O' 0.5 being taken as the 
standard for significance. The results are expressed in terms of means of all 
determinations along with the values of ‘ T for the pairs compared. The value 
of ‘ i ’ to make each comparison valid on a basis of 19 : 1 is also given for the num- 
ber of degrees of ffieedom available. AU comparisons made in the text are invari- 
ably based on differences which are either significant or insignificant statistically, 
these terms have therefore been omitted to avoid repetition. 

Results ano discussion 

The extent of photo-chemical nitriftccdion in the absence of micro-organisms 
The experiments with sterile soils failed to show any significant increases 
under the influence of sunlight, both in nitrates and total nitrogen (Table II 
o). Wherever subsequent chance infection was found, significant increases oo- 
cmred directly^proportional to its degree (Table 11 b) as shown by the number of 
colonies on plating. 
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Table II 


Nitrogen changes in sterile and chance-infected soils in sunlight and shade (Mgms. 
of nitrogen per 100 grms. of oven-dry soil) 

(a) Sterile samples 


No. of test 

Form of nitrogen 

Sun 

Shade 

Sun 

m. 

shade 

i 

19th April to 19th May . 

W ith water 




1. 





a 

Nitrate nitrogen 

2*38 

1*81 

1*74 

b . 

Total nitrogen . 

62*41 

62*14 

0*45 

16th Oct. to 16th Nov. . 

With water 




2- 





a . 

Nitrate nitrogen 

3*69 

2*84 

0*91 

b . . . 

Total nitrogen , 

65*56 

t 65*72 

0*77 

3. 

W Ukout water 




a ■ 

Nitrate nitrogen 

3*08 

2*87 

0*51 

b . . 

Total nitrogen . 

67*38 

66*64 

0*33 


NITEOGEN BALANCE IN BLACK COTTON SOILS IN MALWA PLATEAU, II 32 1 


(6) Infected samples 




Infection 

Much 

No. of test 

Form of nitrogen 

Much 

Less 

infected 
w. less 
iofeoted 

19th April to 19th May . 

4. 

&f 9 • - » 

! Nitrate nitrogen 

1 

1 6*02 

3*22 

6* 40 

b . . . 

1 

1 Total nitrogen . 

69*33 

64*26 

3*43 


Koth : — n==34 for test Ho. 1 (a & b). 


10 for Nos. 2 (a & b) and 3 (a & b). 

9 for No. 4a. 

8 for No. 4b. 

1= 2*042 or more for teat No. 1. 

2*228 or more for Nos. 2 and 3. 

2 • 268 or more for No. 4a. 

2* 306 or more for No. 4b. 

la this and subsequent tables a comparison is significant only when the value 
of t ’’ opposite that comparison is greater than the required “ t value for them 
specified at the foot of the table. By a significant comparison is here meant one 
in which the odds in favour of its being correct are at least nineteen to one. 

Incidentally the results emphasize the extreme importance in experiments of 
this t3q>e of making sure, by actual proof, of the absence of subsequent infections, 
before inferences are drawn. Once infection occurs, organisms multiply very 
rapidly under favourable conditions. The absolute need of a biological agency 
to produce nitrogen changes, as well as the complete inability of photo-chemical 
action in producing such changes are simultaneously proved by these results. 
At any rate this is true of soils unmanured, treated with ammonium sulphate or 
with humic compost in doses used in farming practice which are evidently capable 
of providing the whole range of nitrogenous raw materials susceptible to photo- 
oxidation. 

Temperatures as high as 115° F, did not prevent the existence of micro- 
organic activity both in the infected samples and the two-inch layers of the un- 
sterilised soils used in the main test. The activity of azotohacter at 46° C. (1 15°F.) 
has been known [Green, 1932]. In arid regions even in the hottest season 
the initial temperatures of over 50° C. continuously existing in moist compost 
heaps for days together do not seem ever to have prevented the subsequent estab- 
lishment of biological activities including that of nitrification. The infection 
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evidently has escaped the annihilation to be expected from the death-point deter- 
minations made- inside ' a laboratory. The absolute miiformity of conditions ' 
so sure in the technique of laboratories may not exist within the large colloidal 
mass of soils. Otherwise the existence in and isolation of organisms from field 
or garden soils in extreme climates would have been a difficult task. It is essential 
to possess correct information regarding the nature of the factors really control- 
ling nitrification in tropical soils, because an efficient adjustment of agricultural 
practice must be able fully to utilise those factors. The suggested existence of 
formidable .obstacles to' biological nitrification {Tandon and Dhar, 1934] can 
, perhaps still be reconciled with the display of its predominance in the tests' here 
described. It is, not even necessary to assume the existence of unknown organisms 
or the survival and activity of familiar species under very drastic conditions. The 
soil processes are dynamic. The seat of active '' nitrification need not always 
coincide with the soil zones having, maximum nitrate accumulation, nor are such, 
accumulations necessarily derived from intense activity; they may result from 
a persistent but weak activity in a deeper zone. 

The rapid decrease in soil temperatures with depth, as indicated at Lyallpur 
by a fall from 60® C. to 37® C. within 30 cm. only (as mentioned by Tandon and 
Dhar) makes, clear the existence of more favourable temperatures a little lower 
down. At such depths the supply of oxygen is ample but even if it were not, it 
must be remembered that the aerobic nodule organisms can retain at least twenty- 
five per cent of their activity with a concentration of oxygen even as low as 0'6 
per cent [Barthel, 1930]. The zone of active nitrification hence may quite easily 
shift, perhaps with changed intensities, to different depths from season to season 
according to the nature of the soil. The accumulation at the soil surface of 
salts, including nitrates, in arid climates £ Gardner, Kezer and Ward, 1934] 
or during dry seasons, is a consequence. Under such conditions a wide 
range exists for the transport of salts to the surface (through the upward 
movement of moisture from the subsoil to be accumulated there on drying). 
The coincidence of such accumulations with hot and dry seasons is hence as easy 
to understand as their downward movement by leaching in wet weather. Even 
in extremely rigorous climates biological nitrification can thus be carried on 
safely beyond the reach of light without any danger of the organisms being 
poisoned by formaldehyde liable to be produced photo-chemiealiy. 

Instead of being directly dependent upon the production of nitrates, the 
physical improvement of soil by exposure during hot seasons may be due simply 
to the increased stability of the structure of its aggregates — a direct result of the 
irreversibility produced in the cementing material of the humus- clay complex when 
the former is coagulated by calcium [Sokolovsky, 1930]. Such a granular struc- 
ture controls the efficiency of the water, air and biological regime in the soil. The 
high exchange capacity [McGeorge, 1930] of the argillo-humus fraction when 
suitably reinforced with calcium enables the soil to resist better the inevitable 
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deterioration of its structure — due to the disturbance of the equilibrium between 
soil-colloids and the absorbed calcium [Sokolovsky, 1930] which must be caused by 
crop-growth and biological activities like nitrification. In the absence of stable 
soil structure even '' nitre spots may be barren. The phenomenon of nitrifica- 
tion even in the tropics can thus, after all, still be the same as elsewhere. 

Niteifioation 

(a) Watered soils 

Nitrogen changes in watered soils during periods of thirty- one and sixty-one 
days are given in Tables III and IV (a and b). Table V gives the accumulations 
and percentages of nitrified nitrogen in sunlight as well as in shade. 


Table III 

Nitrogen changes in watered soils during SI days 
(a) On oven-dry basis 


Treatment 

i Nitrate aecu- 
mulation (Mgms. 
N perl 00 grins, 
of soil) 

Nitrified N on 
total (Average 
of percentages) 

Total nitrogen 

(Mgms. N. per 100 grms. 
of soil) 

Average of 
per cent losses 
after 31 days 

At start 



1 After 31 days j 

Sun 

Shade 

Sun 1 

! 

Shade 

Sun 

^ Shade 

Sun 

1 Shade 

Compost (A) 

6-81 

4*45 

7*11 

6*45 

81*74 

76*79 

74*32 

5*94 

9*06 

Amm. Sulph. (B) 

5*50 

4*56 

6*92 

6*72 

79*63 

77*76 

: 75*54 

8*07 

5*20 

Control (C) ... 

5*48 

8*02 

7*88 

5*55 

; 70*68 

58*68 

59*99 

1 

16*98 

15*24 


(b) Comparisons {values of t ) 



! Sun shade 


Sun 

Shade 

Treat- 

ment 

Nitrate 
accumu- 
i lation 

i 

Percent 

nitrified 

N 

1 

Nitrogen | 
losses 

1 Com- 
parisons 

Nitrate 

accumu- 

lation 

Per cent 
, iiitTifled 
N 

Nitrogen 

losses 

Nitrate 

accumu- 

lation 

Per cent ; 
nitrified 

■ N . 

Nitrogen 

losses 

A 

5*24 

5*10 

2*81 

A B 

1*22 

0*59 

1*97 

0*48 

1*02 

2*22 

B 

4*62 

4*53 

1*53 

Av8,C 

0*90 

1*62 ' 

8*21 

2*02 1 

0*30 

8*45 

C 

■ 4*40 ^ 

4*80 

1*30 

B V8. C 

0*06 

2*18 

12*20 

3*07 

0*51 

6*04 


IIOTB; — «=14 throughout, .•.t~2*146. 
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Table IV 


Nitrogen changes in ivatered soils during 61 days 
(a) On oven-dry basis 


Treatment 

Nitrate accu- 
mulation (Mgms. 
N per 100 grms. 
of soil) 

Nitrified N on 
total (Average 
of percentages) 

Total nitrogen 
(Mgms. N per loO grms, 
of soil) 

Average 
per cent losses 
after 61 days 

At start 

After 61 days 

Sun 

Sliade 

Sun 

1 Shade 

Sun 

Shade 

Sun , 

Shade 

Compost (A) 

7*15 

5-61 

8*75 

6*86 

81*74 

72*14 

75*93 

10*83 

7*17 

Amm. Sulph. (B) 

6*56 

5-24 

8*25 

6*59 

79*53 

74*22 

73*48 

6*66 

8*06 

Control (C) . . 

4-56 

4*29 

6*45 

5*92 

70*68 

57*38 

58*10 

18*81 

18*07 


(6) Comparisons {values oft) 



Sunra. shade 


Sun 

Shade 

1st vs. 2nd 

period 

Treat- 

ment 

Nitrate 

accumu- 

lation 

Per 

cent 

nitrified 

N 

Nitro- 
gen ! 
losses 

Compari- 

sons 

Nitrate ' 
accumu- 
lation 

1 Per 
cent 
nitri- 
fied 
N 

1 

Nitrogen 

losses 

Nit- 

rate 

accu- 

mula- 

tion 

1 Per 

1 cent 
[ nitri- 
fied 

1 N 

Nitro- 

gen 

losses 

Treat- 

ment 

Sun 

Shade 

A 

9*34 

9*45 

2*72 

A vs. B. 

3*69 i 

2*66 

3*03 

2*85 

^ 1*54 

0*75 

A 

3*02 

1*34 

B 

11*00 

10*38 

1*14 

A vs. 0. 

14*39 

9*79 

6*03 

9*43 

2*99 

7*81 

B 

3*02 

^ 1*97 

C 

1*68 

1*54 

0*54 


13*34 

9*00 

12*06 

7*31 

2*06 

6*37 

0 

1*98 

1*66 


Not?. — 14 througliout • 2*145. 
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The favourable influence of exposure to sunlight was always visib le with th 
only exception of untreated soils daring the second pence . e ™ ® ® 

reedved the greatest stimulus by Hght during the first period mspit^e of the absence 
of added easily oxidisable nitrogen. Ammonium sulphate though readily ox dis- 
able Si behind compost which topped the list. During the second period there 
was a general drop in activity resulting in actual depression in untreated sods. 
iWy be pointed L that there was no dearth of total nitrogen, though some was 
iLt but these losses were significant only with treatments m sudight. Also 
treated soils suffered from depression in activity less than controls, while compost 
resisted it better than ammonium sulphate. 

Evidently something other than sunlight or the micro-organisms or “teh 
fiable material appears to be the controlling factor. Compost has exploited ^is 
to the best advantage, thus indicating that organic matter of a we 

the decisive element. The nitrifying activity is lowered when this^ orgamo 
matter is not replenished. It may be that the organic carbon in the argillo-humus 
fraction is adversely affected by the very process of nitrification and the struc- 
ture of the soil s-ggrogates deteriorates. 

The most efficient recovery of nitrogen in nitrified form from soils ^eems to 
be possible onlv when the process starts at a high intensity before the unfavourable 

irgtlXipe. tod Otherwi»aBttoegoesoptheBoilefaci»c,.sr^»crf 

probaWy due to its deterioration and the chances of recovery become smaUer and 
LaUer ^perhaps because the waste of nitrogen is increased by its being ^^sed up 
in other reactions going on side by side. This is clearly illustrated by the greater 
depression of activity under shade as time advances, in comparison “ 

sunlight which stimulates the nitrification. This stimulus brings about the 
deterioration phase quickly in untreated soil but ammonium ^ ^ 

greater extent, compost retard its appearance and much more m hght than in 

shade. 

This point and the similarity in behaviour of ammonium sulphate and com- 

posb-twG substances widely differing in their properties-requires careful investi- 
eation The oxidation of ammonium sulphate in soils does not seem to be an mde- 
pendent chemical reaction. On the assumption of the intervention of the agency 
of micro-organisms there seems to be an intimate association of oxidation ot 
ammonium sulphate with a source of energy available in close contact with 
it. The similarity referred to suggests humus-carbon as the source of energy. 
The quicker fall in activity of untreated soils than of those ammonium sulphate- 
treated which had no additions of organic matter and yet had to deal with larger 
quantities of nitrogen indicates that ammonium sulphate utilises soil humus more 
efficiently unless it provides itself with some other source of energy. A closer 
study of the mechanism by which ammonium sulphate is oxidised in soils is likely 
to give information useful for practical soil management. 
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(b) Unwatered soils 

Eesults are given in Tables VI and VII, {a and b) and VIII. 

Table VI 


Nitrogen changes in unwatered soils during 31 days 
(a) On oven-dry basis 


Treatment 

Nitrate accumu- 
lation (Mgms. 

N per 100 grms. 
of soil) 

Nitrified N on 
total (Average of 
percentages) 

Total nitrogen 

(Mgms. N per 100 grms. 
of soil) 

Average of per 
cent losses after 
31 days 

At start 

After 31 days 

Sim 

Shade 

Sim 

Shade 

Sun 

Shade 

Sun 

Shade 

Compost (A) 

3*20 

3*40 

3*01 

4*27 

81*74 

74*65 

75*63 

8*80 

7*4^ 

A mm. Snlpii. (B) 

3*13 

3*18 

3*75 

3*90 

79*63 

CO 

o 

74*94 

8*83 

6*41 

Control (C) ... 

2*80 

3*08 

4* 50 

4*36 

70*68 

62*64 

60*61 

11*15 

10*39 


(6) Comparisons (values of t) 


Treatment 

Sun v$. shade 

Sun 

Shade 

Nitrate 

acciimu- 

iation 

Per cent 
nitrified 
N 

Nitrogen 

losses 

Compari- 

sons 

Nitrate 

accumu- 

lation 

Per cent 1 Nitrogen 
nitrified losses 

N 1 

Nitrate 

accumu- 

lation 

Per cent 
nitrified 
N 

Nitrogen 

losses 

A 

1.34 

2.00 

0.78 

A vs. B 

2.80 

1.46 

0.01 

1.00 

1.12 

0.61 

B I 

0.16 

1.17 

1.38 

A vs. C 

6.15 

2.41 

1.43 

1.83 

0.05 

1.73 

0 1 

! 2.80 

0.55 

1 

0.48 1 

B vs, C 

5.50 1 

! 

3.26 

. 

1.43 

0.56 

1.57 1 

1.79 


Note. — ^nasl4 thro'ugLoxi^/. 1=2,146 


Table VII 

Nitrogen changes in unwaiered soils during 61 days 
(a) On oven-dry basis 


Total nitrogen 


Treatment 

■ 

Nitrate accutnu- 
i lation (ragins. 
i N per 100 grms. 
of soil) 

Nitrified N on 
total (average 
of percentages) 

(Mgms. N per 100 grms. 
of soil) 

Average of per 
cent losses after 
61 days 

1 

; At start 

After 61 days 

Sun 

1 Shade 

Sun 1 

Shade 

Sun 

Shade 

Sun 

i Shade 

Compost (A) . . . ^ 

3*67 

3*10 

, ..4*37 

8*72 


74*55 

72*09 

, 8*62 

11*81 

Amm.Sulph, (B) 

3*43 

2*72 

4*31 

‘3*39 

79-63 

74*03 

76*50 i 

7*07 

8*38 

Control (C) ... 

2*94 1 

3*02 

4*18 1 

4*27 

70-68 

60*61 

59*39 i 

11*88 

14*24 
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(6) Comparisons (mines of t) 



Sun vs, shade 



Sun 


Shade 


1st v's, 

, 2n(i period 

Treat- 

ment 


:Per cent ^ 




Per ' 


Nit- 

Per 





Nitrate 

accumu- 

lation 

nitrified 

N 

Nitro- 

gen 

losses 

Compar- 

isons 

Nitrate 

accumu- 

lation 

cent 

nitri- 

fied 

N 

Nitrogen 

losses 

rate 

accu- 

mula- 

tion 

cent 

nitri- 

fied 

N 

Nitro- 

gen 

losses 

Treat- 

ment 

Sun 

Shade 

A 

5*52 

4*64 

3*09 

A vs. B 

2*33 

0*86 

i 

1'08 

1-95 

1*83 

1*99 

A 

0*12 

3*35 

B 

3*94 

4*61 

0*69 

A vs. 0 

7*00 

1*73 

2*51 

0*73 

3*14 

1*53 

B 

0*98 

1*03 

C 

0*74 

0*60 

1*79 

Bvs.C 

5*16 

1*08 

2*95 

1*62 

5*78 

1 

0*82 

C 

0*19 

2*05 


Note. — «=14 throughout <=2 '145. 


I 


is 
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(c) Watered arid unwatered soils 


[VI, « 


■watered soils under all eon differences due to treatments in the 

followed by ammomum sulphate, topped the Hst in watered 

.„u ” 

t t.e ^.a.«on e^sted cdy i. s-ght b«. 

aae.e.oe= in .eWonn "S, 

doesnot seem to b. »mp y o | ,„„stered soil, 

be seen from Table (a an ) exception of control 

higher tie », nnder ell conditions, nn- 

m^itir ?rtoe 

significantly differ from that with compost. 
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UNTREATED CONTROL 


SCML TREATED WITH AMM. SULPHATE 


% MOISTURE 
LOSSES IN SUN 

% MOISTURE 
LOSSES IN SHADE 


SOIL TREATED WITH COMPOST 


losses of moisture from experimental soils. 
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The influence of time on nitrate accumulation and f 

in dry soils, both under sunlight and in shade is compared in Table XII {a b, o)-. 

In sunlight, in spite of the identical moisture contents of the untreated soils 
in both periods, these accumulated more nitrates in the seoon perio an 
first. , , , . . 


Table IX 

Nitrogen changes in watered and unwatered soils during 31 days 
On oven-dry basis 





Table IX — contd. 

(c) Comparisons — watered vs. unwatered soils {values of t) 



watered and unwatered 
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(c) Campanaons-^atered vb. unwatered soiU {values ofi) 



(6) Comparisom {values of fc) 
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In shade both treated and untreated soils showed no differences in aecuinula- 
tioa between the two periods though the moisture contents were higher in the 
second period. 

When intensities of nitrification are compared, compost in sunlight and un- 
treated soils in shade do not show these differences to be expected from their 
increased water- ooiitents in the second period. In all other cases nitrification— 
both accumulation and intensity — ^increases with the water-content of soils. 

Though the accumulation in dry soils was less than in moist, its relative rate 
of decrease with time was much higher (Tables VI a and VIII ») except with un- 
treated soils exposed to sunlight. None of these peculiarities in the behaviour 
of dry soils seems to bear any relation to the degree of nitrogen loss sustained by 
the soils (Tables VI c and VII c). 

Temperature variations also do not seem to be connected in any way, those 
between the periods showing no consistency (Fig. 1 a, 6). The humidities, hotrever 
were consistently higher (Fig. 3) in the second period. 



Fig. 3. Relative per cent humidities during the experimental period. 


Perhaps the humidities in the air surrounding the regions of activity are of 
even greater importance than the actual moisture content of unwatered soils. 
The watered soils can obviously maintain a highly humid atmosphere even when 
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exposed to the sun. The unwatered treated soils, which show lower water-content 
5han the control (and thus indicate a greater tendency to permit its evaporation) 
will also enable a similarly high humidity to exist around the region of nitrifying 
activity. The higher water-content of untreated soils seems to be less useful for 
fchis purpose, perhaps because it is less easily vaporised, being bound by the 
colloids to a greater extent. A possible explanation of the influence of humidity 
on nitrification is, that it facilitates the maintenance of a steady film of available 
water as a medium for nitrification, thus explaining the presence of nitrifying 
activity even in unwatered soils. Evidently at the surfaces of activity a moderate 
but sufficiently thick film of moisture must have existed. Lebedev [1930] has 
shown that at all moisture contents exceeding the hygroscopic amount, cent per 
cent humidities exist in the soil air. The maintenance of a permanent film of 
moisture on the colloid surfaces as small localised patches, seems thus quite possible. 
The limited extent of such a film is probably closely connected with the rapid 
decrease in nitrifying activity. It is perhaps also possible that nitrification can 
occur only on a certain type of clay surface which rapidly becomes unfit for the 
process through its own nitrifying activities. It may be that the moisture film, 
on the colloidal clay particle permits nitrification to go on at a rate far exceeding 
that of the recuperative changes within that particle which retard the depression 
in nitrifying activity. 

The comparison of exposed and covered, watered and unwatered soils lends 
some support to this view. With copious water supply and the stimulation asso- 
ciated with sunlight the deterioration was greatest but under shade it was less. 
With restricted water, however, the water-content which is higher in shade becomes 
the limiting factor, the deterioration directly varying with it (Table XI a, 6). 
The protective influence of additional moisture in the watered soils under shade is 
perhaps due to the water being to a certain extent available for that process within 
the clay particle which retards the deterioration directly and simultaneously 
resulting from the nitrifying activity. 

Temperature and nitrogen changes 

Black cotton soil treated with ammonium sulphate equivalent to seventeen 
lbs. of nitrogen per acre/two inches, was kept in the shade for two months in 
two sets, one at an average temperature of 83*5® P. and the other at 108^ P, 
The results are given in Table XIII. 
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Table XIII 


Changes in nitrification due to temperature 



i 

At high 

tempera- 

ture 

At low 
tempera- 
ture j 

n \ 

P 

i 

i 

1 

i 

Significances 

After SO days 



i 



Witrate N , . . 

4-55 

2-20 

7 

<0-01 

Highly significant. 

Total X 

77-75 

81-74 

7 

>0-05 

Insignificant. 

After 60 days 






Nitrate N . . . 

5-24 

2-30 

7 

<0-01 

Highly significant. 

Total No,. 

74-22 

89-84 

7 

>0*05 

Insignificant. 


The acceleration of nitrification due to high temperatures has been recorded 
by Sahasrabuddhe and Kanitkar [1932], The favourable influence of sunlight 
mentioned before (Tables III a and IV a), though very appreciable, falls much 
below that of higher temperature. Results by Traps and Sterges [1935] show 
clearly that light actually inhibits nitrification, hence the greater nitrification 
found in the Indore experiments in trays exposed to sunlight must have been 
due to the higher temperature of the interior unexposed mass, the soil in the trays 
not having stirred to expose fresh surfaces to the inhibiting effect. As tempera- 
tures operate upon a far greater depth than light can penetrate, they must exert 
a far greater influence on crop-nutrition than could light. An estimate of the 
influence of climate, and season within the climate, on crop-development should 
include a relative measure of the influences of both. The practical^ possibility of 
nitrifying activity existing at high temperatures is evident from these results also. 

Losses xInd gains of nitbogen 

Tables III, IV, VI and VII give losses and gains on initial total nitrogen at 
the end of each period. 

(a) Watered soils 

1st penoJ.— Under the influence of sunlight compost treatment lost less than 
in shade but others showed no difference. Control lost under both light and shade 
much more than treated soils which showed difference only in shade, ammonium 
sulphate losing less than compost. 


26 A 
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2nd perio-i.—GompoBt lost more in the sun than in shade ; others showed no 
difference. Control lost more heawily than the treatments both in sun and shade. 
Only in the sun did compost show a greater loss than ammonium sulphate. 

In sunlight both treatments showed a greater total loss at the end of the 

second period than the first. Other differences were not significant. 

Table XIV a gives the percentages of actual losses or gains incurred during 
each period as well as the changes in the degree of loss expressed as the per- 
centage increase or decrease over the loss in the first period. 

Table XIV 


Percentage losses in total nitrogen during each period m sanhght and shade with 
their decreases or increases between the two periods. ^ {These losses are calculated 
m total nitrogen existing at the beginning of each period.) 


Treatment 

Sun 

Shade 

During 

Per cent 
increase or 
decrease of 
losses on 1st 
period 

Durincy 

Per cent 
increase or 
decrease of 
losses on Ist 
period 

1st 

period 

2nd 1 
period 1 

1st 

1 period 

2nd 

period 

— — 


(a) 

Wotsred soils 







Gain 

Decrease 

Compost • 

6*06 

6-06 

0*00 1 

1 

9*08 

2-10 

123-40 




Increase 



Decrease 

Am. salph. 

2-23 

4-54 

103-6 

Decrease 

6-02 

. 2*06 

47*21 

Decrease 

Control 

16*97 

2-22 

i 80-92 i 

15-12 ' 

3-12 

85*96 



(6) Unwatered isoUs 






Decrease 



Decrease 

Compost . 

8-80 

0-00 

100-00 

7*60 

4-66 

26*84 



Gain 

Decrease 


Gain 

Decrease 

Am. sulpli- 

8-46 

1-69 

119-90 

6-77 

0*75 

113*00 




Decrease 



Decrease 

Control 

11-38 

3*24 

71-63 

14*25 

2*03 

92.23 


These figures are calculated from the means and do not represent the averages 
of individually-calculated results as do those in other tables where statistical^ 
examined data are included. The conclusions, however, are based on wide 
differences and hence are likely to be reliable. 
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With compost tlie rate of loss in sunliglat is the same in both periods. Under 
shade there is an actual gain in the second period though the rate of loss is higher 
in shade than in sun during the first period. Daring the second period losses with 
ammoiiiiim sulphate increased in the sun and decreased in the shade. In the 
first period the order was reversed, so resembling compost. The losses in controls 
in the second period decreased but w^ere practically alike in the first period and 
much higher than in the treatments. During the second period and in shade 
the controls lost more than the treatments but in the sun this was reversed. The 
losses with compost were mid-way between those of control and ammonium 
sulphate for all conditions except the second period in shade. 

It is remarkable that under all conditions a iDeriod of low rate of loss is fol- 
lowed by one of a higher rate and vice imrsa. Compost showed a steady rate of 
loss under unfavourable conditions and could actually achieve a net gain in favour- 
able conditions, while under similar environment ammonium sulphate and control 
showed greater fluctuation in the rates of their losses, and no gains. 

This seems to lend further support to the view expressed before that two 
processes— one destructive and the other constructive — always go on in the soil 
simultaneously with the changes in its nitrogen. Organic matter, if supplied, 
retards degeneration and promotes recuperation. The dependence of soil effi- 
ciencj^ on the existence of organic matter of a certain type is strongly indicated; 
further, in the very process of nitrogen change such organic matter is utilized. 


(b) Umoatered soils 

1st period, — Sunlight, shade or treatments made no difference to losses of 
nitrogen. 

2nd period— Qompost showed a greater loss in shade, others did not show any 
diiference. Between treatments in sunlight, control showed a greater loss in this 
period. Comparing the two periods, there were no differences in sunlight but 
in shade compost and control lost more during the second than the first period. 
With ammonium sulphate there was no change. 

Table XIV 6 gives the percentages of actual losses or gains incurred during 
each period as well as the relative changes in the degree of loss expressed as the 
percentage increase or decrease over the loss in the first period. 

Compost in the second period showed decrease in the rate of loss which 
decrease was intensified in sunlight. The rate of loss was slightly higher in sunlight 
than in shade during the first period. 

Ammonium sulphate in the second period showed a similar, but more pro- 
nounced series of changes, almost alike in light and shade, so that actual gains 
were registered. 
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Control in the second period showed decreases in rate of loss both in light 
and shade but in the first period more so in shade, where its rate of loss was also 
higher than in sunlight. Control showed the highest initial rates of loss every- 
where, compost coming next and ammonium sulphate being nearly equal to 
compost in sunlight but lower in shade. 

The steadying influence of compost is again noticeable. The succession of 
higher rates of losses by lower ones or by gains is also apparent. Ammonium 
sulphate shows, however, a greater efficiency than compost in contrast with its 
behaviour in watered soils. This, as suggested before, seems to indicate its ability 
to utilise soil carbon more efficiently and perhaps also the need of sufficient mois- 
ture for the operation of compost in helping recuperation. 

(c) Watered soils compared with unwatered 

Tables IX and X show the comparisons. 

The losses were greater with unwatered soils treated with compost in shade 
during the second period ; other conditions made no difference. 

Ammonium sulphate in unwatered soils showed higher losses in sunlight in 
both periods. There were no other differences. 

Untreated soils, however, showed everywhere greater, losses in presence of 
water. Thus, under conditions of greater activity (v/atered soils) the treatments 
led to a more efficient nitrogen economy. The influence of compost is obviously 
through its organic matter, but that of ammonium sulphate again requires ex- 
planation. Whether it is due to more efficient use of existing carbon or to other 
causes it is hard to say in the absence of determinations of carbon contents at 
different stages. 

A further point to be noted is the apparently general co-existence of high 
nitrification with high losses and of low nitrification with low losses. In subse- 
quent monsoon experiments, however, (yet to be reported) the reverse was found. 
Even ill the present experiments watered soils in sunlight, treated with ammonium 
sulphate lost more in the second period when accumulation of nitrates had fallen. 

It also happened that atmospheric humidities were high whenever losses were low 
and when gains were noticed. The changes in the nature of the medium (treated 
and untreated soils) seem to need better understanding before the differences 
observed can be satisfactorily explained. 

Further, it appears that the ease with which soils lose water seems also to 
affect nitrogen losses. For instance, the daily moisture loss (from watered soils) 
increased, by exposure to sunlight, by 27-2, 22*6 and 12*1 per cent for compost, 
ammonium sulphate and no treatment respectively. The mean percentage losses 
in total nitrogen in sun-exposed soils decreased by 3*12 and 2*13 for compost 
and ammonium sulphate but increased by 1*74 for no treatment. With de- 
creased mobility of water the tendency to lose nitrogen seems to have increased. 
Perhaps a difference in texture is operating. 
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Table XV 



Differences in watered soils between 
exposed and shaded samples during 
the first period 

^ ' 

Treatment 

Daily moisture losses 

Mean percentage 
of losses in total 
nitrogen 

Compost 

Per cent 

+ 27*18 

Decreased by 3*12 

Amm. sulph. . . . , • 

+ 22-46 

Decreased by 2*13 

Control 

j 

+ 12-05 

Increased by 1*74 


Daily peboentage losses in moistubb from watered soils 


Table XVI 


(a) Averoige of percentage moisture losses and the differences in losses in watered 
soils in sunlight and shade {on fresh basis). 


Treatment 

Average of daily percentage moisture losses 

Differences in 
per cent 
moisture losses 
in siia and shade 
diuring 1st period 

During Ist period 

During 2r 

id period 

Sun 

Shade 

Sun 

Shade 

Compost (A) . . , . . 

63*7 

36-5 

49-2 

57-1 

27-2 

Amm. sulph. (B) , , . . 

j 58*2 

36*3 

; 5S*0 

50' 8 

22' 5 

Control (0) , . . . , 

; 56*8 

1 

44.7 

i 

; 51-2 

t 

52*0 

12*1 


(b) Comparisons {values oft) 


Treatment 

j Sun vs. shade 

Comparisons 

Sun 

Shade 

Differences in 
per cent 
moisture losses 
in sun and shade 
diuing 1st 
period 

1st 

period 

2nd 

period 

1st 

period 

2nd 

period 

1st 

period 

2nd 

period 

A . . . 

8*09 

1*45 

A vs. B 

1*44 

1*41 

0-05 1 

1-07 

1-03 

B . . . 

6-54 

0*93 

A w, 0 

1-92 

0'39 

2'33 

1*34 

8 '03 

0 . . 

8*27 

0*23 

B t?«, 0 

■ 0-34 

1'41 

305 

0*21 

2*40 


Note , — n for coniparisons during Ist period««26, t«2*066. 


n for comparisons during 2nd period-* 16, t«2*120* 

During the first period the differences in daily moisture loss in exposed 
samples were not significant, while in shade only the untreated soils showed 
higher losses. This indicates better preserration of moisture by treated soils 
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in shade and also that when exposed they are at least not worse than control in 
this respect. 

In treated soils whether in sun or shade moisture losses did not differ but 
were greater than in control ; treatments hence induced a greater mobility of 
water. The better conservation, coupled with this greater mobility is an index 
of improved texture. The greater stability of water content in manured soils 
under natural field conditions may be explained as being the direct result of the 
cessation of the upward rise of the more mobile water much earlier than in un- 
manured soils, owing to the complete drying out of the surface due to the more 
open texture, further losses then ceasing. The similarity of both compost and 
ammonium sulphate in these respects indicates that in the very heavy intractable 
black soils, open texture, no matter how produced, is essential to maintain steady 
moisture (with its dissolved material) coupled with easy mobility of air and 
water, in spite of the usual weather fluctuations. The importance of this 
to crop-development is obvious. 

During the next period the differences were not statistically significant 
anywhere. This is due to the high error of the treated samples in most cases. 
An important point however is noticeable. High humidities prevailed in this 
period (Fig. 3). The losses with compost- treated soils were consistently the 
highest (numerically) in shade but lowest when exposed. Hence the paradox 
that soil moisture tends to be reduced when surface evaporation is low and to 
\ e preserved when it is high. The great sensitiveness in achieving this adjust- 
ment is indicated by the high errors. The daily figures for losses fluctuated in 
as varied a manner as the weather changes, reducing their uniformity to a mini- 
mum. The capacity of the compost treatment to minimise the chances both 
of deficiencies as well as excesses of soil water is vividly brought out and its 
practical value needs no mention. The rdle of a loose mulch in moisture regula- 
tion seems to be capable of a similar explanation. Moisture will be retained, 
lost or kept constant according to atmospheric environment. 

The behaviour of ammonium sulphate was just the reverse of that of compost 
though the sensitiveness as indicated by the magnitude of error is of the same 
order. The losses were low under shade and high when exposed. A tendency 
to accumulate water with low evaporation and to allow it to dry out when it 
is high is certainly not optimum for crop-development. This difference in the 
openness produced by minerals and that resulting from organic matter is of 
considerable practical and theoretical significance. The low nitrification of 
ammonium sulphate in spite of better nitrogen conservation in the open as com - 
pared with that of compost illustrates the point. 

Moisture contents of umvatered soils at the end of each period {Table XI 

b) 

In the first period when humidities were low, exposure did not make any 
difference to water content. Under the high humidities prevailing in the next 
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period, however, the untreated soils showed a higher moisture in shade, so con- 
trasting with the treated soils. Under shade all soils contained in this period 
more moisture than during the first dry period. These findings indicate a slow 
accumulation of moisture in the lower layers of the soil during the humid period 
prevailing just before the advent of rain. Lebedev [ 1030 ] has observed a similar 
phenomenon of the condensation of atmospheric humidities inside the soil depths, 
and Ghaptal [ 1934 ] has demonstrated it with limestone pebbles in lysimeters. 
The desiccation during the dry period releases more solubles [ Steenhamp, 1928 ] 
but ver}?' dry black soil is not easily wetted until subsequent accumulation of 
condensed water in the more humid periods facilitates wetting on the advent of 
rains. In addition the daily moisture fluctuations in this more humid period 
are likely to enable the freshly released bases to enter the clay complex and im- 
prove its base-exchange equilibrium. The importance of detailed information 
about the period and intensities of the several stages in the seasonal recuperation 
of soils in any locality cannot be over-estimated. Such data alone are the means 
of devising rational ways for the most efficient practical utilization of the factors 
operating in nature. 

Conclusion , 

Repeated failure to secure, through the action of light, nitrification in treated 
and untreated soils, kept sterile right up to the end, indicate the absence of any 
predominant photo-chemical activity. The indispensability of biological action 
is equally well demonstrated by the presence of nitrification whenever accidental 
infection occurred. The prevailing high temperatures during the experimental 
period also prove the possibility of micro-orgahic activity at least up to 46"^ 0. 
The continuous existence of nitrifying activity in compost heaps themselves, 
after a prolonged exposure to high temperature in their initial stages, and even in 
the hottest surroundings of arid regions, amply supports this view. 

Under natural soil conditions, however, nitrification may easily go on at 
much lower temperatures, being shifted from zone to zone in the soil profile. 
The intensity of nitrification, also, need not be always at its maximum level. 
The concentration of microorganic population may not always vary directly 
with the concentration of the products of their activity in the same zone. The 
vertical movement of soil moisture should be able to transport the salts from the 
seat of their production and accumulate them elsewhere. With an adequate 
understanding of the existing balance of soil processes in a locality it may, after 
all, be found that the principles underl3ring them are the same all over the world. 

Biological nitrification in watered soils has the appearance of being stimulated 
by exposure to sunlight but other factors commonly associated with sunlight, 
e.g., temperature, may sometimes swamp this apparent effect of light, if, indeed 
ft exists, 
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Continued nitrification graduaUy reduces its own activity This point is 
reached sooner the greater its intensity in the early staps. The steadying in- 
fluence of compost on nitrification suggests the intervention of organic matter in 
the process. Under the stimulation by sunlight and its associated temperature 
rise the lower intensity with ammonium sulphate treatment coup ed with its 
steadymg influence (similar to that of compost), appear to show that the oxidation 
of ammonium sulphate is brought about by the same agency which oxidises 
compost and not by a straight-forward chemical reaction. ^ 

The modifying influence of moisture supply and organic matter on the effect 
of sunlight, is well illustrated by the results obtained with dry soils. . , 

There is an indication that the nitrifying activity depletes the sod of the 
essential material for optimum environment, thus, reducmg mtrification with 
the advance of time. The existence of micro-organic activity at moisture contents 
very slightly in excess of the hygroscopicity of soils is to be noted. The cent 
ner cent humidity existing in the atmosphere around the sofl colloids may, perhaps, 

be able to maintain a limited extent of film-moisture so essential for micro- 

omanisnis. The greater activity of dry soils in the second period with prevading 
high humidities in the air seems to justify this assumption. With limited 
moisture-contents the nitrification in the moisture films may lead to the deple- 
tion of the essential ingredients of the soil colbid feeding the orgamsms m the 
film, which then becomes unfit to maintain further nitrification. 

Temperature must produce a higher degree of fluctuation in nitrification 
than sunlight, the former influencing the whole soil profile in contrast with the 
mere surface action of light. 

The foregoing conclusions indicate the necessity of estimating the nitrogen 
nutrition of crops in terms of the resultant effect of all factors involved. 

Under the conditions of the experiment, nitrogen was usually lost. There 
appears to be a sequence of high and low losses. Organic matter showed a steady- 
ing influence and sometimes even a gain. There was no consistency m the m- 
fluence on losses or gains exerted by light and shade. The extent of decrease in 
subsequent losses shows a relation to the magnitude of their initial increase in 
soils untreated or treated with ammonium sulphate but with the compost treat- 
ment this relation does not hold good. The extent of loss is consistently less in 
the presence of compost and may even become a gain. The simultaneous occur- 
rence of two independent activities seems to be indicated, one leading to losses 
and the other resulting in gains, the actual figures indicating a balance between 
the two. The nature of this balance and the co-existence or otherwise of high 
nitrification with high gains or high losses of nitrogen, appears to be determined 
by the Am-ating intensities of the predominant factors mainly responsible for their 
control. The condition of the argillo-humus complex of the soil seems to be 
the Tnain determinant, other enviromnental factors being accessories. The 
relative extent of aerobic and anserobic conditions in the micro-surroundings of 
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the complex, must obviously vary with that of its coagulated and non-coagulated 
components, as determined by their composition. The degree of resulting fixation, 
oxidation or loss of nitrogen will obviously depend upon this essential factor, 
further modification due to environment (such as temperature and moisture) 
being additional. The well-known coagulative influence of certain bases on the 
colloids of the soil complex should obviously play an important part in these 
phenomena. 

Differences in the capacities to lose moisture both in sunlight and in shade 
bring out the superior mobility of water in treated soils. The increased mobility 
associated with compost enables a regulation of moisture content favourable for 
crop-development, moisture bemg easily reduced when in excess and conserved 
when deficient. With ammonium sulphate the reverse happens, a condition 
not congenial for crop-growth. This difference in open textures produced by 
organic and inorganic substances is noteworthy. It is suggested that a loose 
mulch mamtained on the soil surface may operate just like compost treatment. 
Moisture is regulated and may be lost, conserved or remain unchanged according 
to the nature of the environment influencing evaporation. 

Dry soils tend to accumulate moisture from the air when humidities are 
high. An interval of high humidities between the hot, dry season and the ad- 
vent of rains seems to be an important phase in the process of soil recuperation. 
The heated but still dry soils with their released nutrients do not soak easily. A 
slow absorption of water daily fluctuating in degree owing to the weather changes 
brings about the even incorporation of these released nutrient materials and 
at the same time enables the soil on the later advent of rains to absorb larger 
quantities of water quickly. The value cannot be over-estimated of securing 
accurate information about the extent of these stages in natural soil recuperation 
in any locality. Means to achieve the maximum development in all these stages 
should form one of the main items in efficient soil management. 

Summary 

The nitrogen changes occurring in wet and dry soils, manured and unmanured, 
were estimated at high temperatures with low and high humidities, in sunlight 
and in shade. The relative predominance of factors involved was estimated. 
The results w^ere statistically evaluated. 

Results with sterile soils indicated the predominance of biological action but 
gave no significant evidence of photo-oxidation. The possibility of the accumu- 
lation of soil-nitrates by normal micro-organic activity under very drastic condi- 
tions is discussed. 

Rise in temperature, whether due to direct sunlight or othervdse, and in 
moisture, intensified nitrification. Nitrogen losses occurred during these cxperi- 
me nts with different intensities. 27 a 
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Tke all-round favourable influence of compost botk on the oxidation and 
conservation of nitrogen under varied surroundings is emphasized. Both com- 
post and ammonium sulphate improved soil texture but the effect moisture 
conservation was not the same. The soil processes seem to be affected less by 
external surroundings than by the properties of the soil-complex which, however, 
undergoes continuous modification both by the duration of micro-organic activity 
and by changes in environment. It is suggested that a soimd basis for improve- 
ments in soil management will be avaffable when accurate information is secured 
regarding the existing balance in a locality between the several active factors 
and the limits to their control. 
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I. Inteodttction 

Sunn-hemp is lately being used in many places as a suitable substitute for 
Russian hemp {Cannabis sativa L.). In view of its growing importance as a 
fibre crop and its increased popularity as a green manure in the tropics, a detailed 
study of the crop is desirable. Such a study has, therefore, been taken up at 
Pusa with the object of breeding strains suitable for the different tracts in India. 

A large number of samples of this crop was collected in 1931 from almost 
all the provinces in India and single plant selections were made fi‘om this material. 
Unlike most of the crops studied in this Section, sunn-hemp is cross-fertilised and 
this fact has proved a limiting factor in the isolation of pure lines, although some 
very promising strains have been secured by mass selection. 

There is a great deal of variability in the amount of seed-setting, maturity, 
plant habit and in certain other morphological characters in the cultures under 
study. As the material was selected from seed samples collected from various 
parts of the country, differing widely in agricultural as well as in climatic and 
edaphic conditions, it was natural to expect some variability in the root-system 
of the cultures as well. . A study of the root-system of sunn-hemp varieties was 
considered to be of fundamental importance and was undertaken in 1933 and 
1934 at Pusa. From previous studies with other crops conducted at Pusa it 
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has been established that plants with a deep root-system do not suit climatic 
conditions usuaUy obtained in Bihar or Bengal, and similarly plants with a shaUow 
root system do not thrive properly in the black cotton soils of Peninsular India. 

The heritable tendencies in the different types of root-system of a crop are 
usually found to be more powerful than the influence of environmental phanges 
and hence a knowledge of the root habit of crops is of great value m P^bl^s of 
plant selections and crop adaptations. The importance of the root habit of 
crops has been fuUy reaUzed and increased attention is now being “ 

breeders to the study of root-systems of different crops. In India itself, Howard 
Ld Howard [1917 ], Yenkataraman [ 1917 ], Ali Muhammad and Deshpande 
r 19‘>9 1 Sethi [ 1929 ], Kashi Ram and Madhava Rao [ 1931 ], Bose and m 
[ 1931 ]’and Bose and Joglekar [ 1933 ] as well as some others, have made contri- 

buttons on the subject. 


II. Material aud method 

Sunn-hemp is best adapted to hghter, better-drained lands but is also capable 
of adapting itself to heavy soils. Bor the purpose of the present study the crop 
was grown on a weU-drained and slightly clayey loam. The crop showed normal 
and healthy growth. A number of plants in each culture was examined each 
year and the averages of all measurements of the extent and distribution of roo s 
were carefully recorded. The method of root-washing and of recording 
tions were the same as described in a previous pubUcation [Bose and Dixit, 

1931 ]. 


III. General description 

In the year 1933 the roots of aU the sunn-hemp cultures were exposed at 
monthly intervals, beginning one month after the date of sowing. In the case of 
early observations, however, no clear-cut differences could be found in the de- 
velopment of the main roots tiU quite a late period in the plant’s groirth.^ This 
periodic root washing showed that the largest number of root tubercles m this 
crop was found immediately before the flowering stage, and thus to ensure 
mum benefit the crop should be ploughed in for green manuring purposes at this 
stage. Later than this the plants may also become too tough and may not ro 
so rapidly. It was interesting to note that the cultures with well-develope 
fibrous roots possessed the largest number of root nodules. 

The clearest differentiation between the different types of root-systems is 
possible when the plants are fufly mature, and consequently root washings were 
made only at this stage in 1934. The observations regarding the depth, extent 
of lateral' spread, working depth, etc., made in 1934 supported and confirmed 
those made in the previous year. 




PLATE XXVII 


Mesophytic type of root-system in sunn-hemp, 
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Smm-hemp possesses a generalized root-system, a term whicli indicates 
that both the tap root and the laterals are very well developed. The copious 
branching which the roots exhibit, enables the plant to draw its nourishment 
from a large soil area and the roots usually penetrate the ground deeply and 
•reach out quite widely. The tap root is strongly developed and produces the 
greater portion of its feeding roots in the upper few inches of the soil. The depth 
to which the primary roots grow is mainly determined by the drainage conditions 
and the nature of the soil. In sandy soils^ for instance, the tap root invariably 
grows deeper than in heavy clay loams where it cannot penetrate so far, but 
under the latter conditions, the secondary roots are generally profuse and more 
developed. The secondary roots branch off laterally from the primary tap root 
and in turn produce a large number of tertiary roots. This process of branching 
continues until the soil is traversed by a complicated network of copiously * branch- 
ed roots maldng an excellent absorbing system. The lateral roots usually develop 
below the surface of the soil afc a depth varjring from half to three inches, but under 
conditions of excessive soil moisture it is not rare to find them coming up almost 
to the surface of the soil and these are then liable to considerable damage during 
inter-cultivation. After growing in a lateral direction for some distance most of 
the secondary roots usually bend directly downwards, the largest frequently 
ending in the third or fourth foot of the soil, thus ensuring an adequate supply 
of soil moisture. It is interesting to note that cultures with the deepest tap 
roots possess few laterals and form only a small number of fibrous roots and also 
that very few root nodules are left when the root-systems of fully matured sunn- 
hemp plants are exposed for examination. 

The root-system of the Indian varieties of sunn-hemp may be broadly divided 
into two main groups, viz.^ (1) Mesophytic and (2) Xerophytic, each of which may 
further be sub-divided into two sub-groups. This is in close agreement "vith 
the root-systems observed in Indian barleys [ Bose and Dixit, 1931 ] and in green 
and black grams [ Bose and Joglekar, 1933 ]. A brief description of the typcis of 
root-systems usually observed in the case of sunn-hemp is given below : — 

I. Mesophytic — A, The tap roots axe not very deep, grooving generally upto 
tliirty-five to forty inches in depth. There are numerous well- 
developed secondary roots arising almost at right angles to the tap 
root. The extent to which these laterals grow horizontally is fairly 
wide, i.e., from twenty-one to forty inches. Thus they provide 
the plants with very strong anchorage. Fibrous roots are also very 
well developed (Plate XXVII). 

Mesophytic — B. The tap roots reach a depth of about forty-one to forty- 
five inches. The secondary roots are found developing up to a 
greater depth and arise usually obliquely at an angle and finally 
take a down-ward course, the horizontal spread extending from 
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twenty-eight to thirty-five inches approximately. The fibrous 
roots are well developed. 

IL Xerop7iyiic--A. The tap root penetrates very deep, generally from 
forty-six to fifty inches into the soil, and frequently gives out 
delicate branches at a depth of about twenty to twenty-five inches. 
A few well-developed but sparsely branched secondary roots arise 
within a depth of six or seven inches of the soil and the horizontal 
spread is not very wide and covers a distance of about fifteen to 
twenty-eight inches only. The fibrous roots are poorly developed 
and are mostly at the lower levels of the soil (Plate XXVIir), 

XeropJiytic— B. The tap root goes down very deeply, usually more than 
fift:/ inches in depth. The secondary roots which are rather sparsely 
developed, arise within a few inches from the surface of the soil 
at a distinct angle to the tap root and almost immediately pursue a 
downward course. The fibrous roots are usually poorly developed 
and are again mostly at the low^er depths of the soil. 

The relevant data concerning this investigation are presented in Table I. It 
must be remembered however, that the measurements given in this table, as vrell 
as in the other tables, have been based on the mean values of the accumulated 
data for the two years under consideration. They are, therefore, not absolute 
but only comparative and may be expected to vary under diflerent soil and climatic 
conditions. The depth of the tap root and the lateral spread of secondary roots 
in culture 8-2 (Xerophytic — A) in two fields in 1934 wall furnish a good example 
of the nature of this change : — 


Culture No. 

1 

Field 

Nature of soil 

Maximum 
depth 
of tap 
root in 
inches 

1 

Lateral 

spread 

of 

secondary 

roots 

in 

inches 

No. of 
secondary 
roots 

8-2 .. . 

Barah South 
border. 

Clayey loam . 

47 

24 

6 

8-2 .. . 

Farm Plot 1. 

Sandy loam . 

53 

IS 

9 


It is obvious that the depth of tap roots and the number of secondary roots 
are greater in sandy loam than in clayey soil, but the lateral spread of the se«* 
condary roots is definitely less in the former case, 


plate XXVIII. 
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Xeropliytic type of root-system in sunn- hemp. 
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The maximum depth of the tap root is considered as one of the chief criteria 
for the differentiation of the types of root system. The distribution of the different 
cultures according to this character is shown in Table II given below : — 

Table II 


Relation of the type of root-system to the maximum depth of the tap root 


Range of maximum 
depth of tap roots in 
inches 


Cultures with 

roor -system 


Mesophytic— A Mesophytic—B 

Xerophytic— A 

Xerophytic — B 

34 to 36 . 

■HH 

^■1 



37 to 39 . 

6-1 ; 5-2; 11-1 




40 to 42 . 

1-1; 1-2; 

27-2 ; 32-1. 




43 to 46 . 


10-2 ' 



46 to 48 . 



8-2, 11-2, 

11 (a), 16-2, 
20-2, 30-2. 


49 to 61 . 

1 

i 

1 

i 


3-2, 6-2, 17-1 


62 to 64 . 


i 


8-12 

66 to 66 , 




ll-(b) 

67 to 69 . 






60 to 62 . 





63 to 66 , 



i 

, . ,j 

l-(6) 

66 to 68 . 




7*2 , '■ 
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It IS evident from the above that there is a definite rang in the maximum 
depths of tap roots for the different types of root-systems. 

The relation of the type of root-system to the lateral spread of the secondary 
roots IS similarly brought out in the following table 

Table III 

Relation of the type of root-system to (he lateral spread of secondary roots 


Lateral spread of 
secondary roots in 


12-6 to 16-0 


15-1 to 17-6 . 


17-6 to 20*0 


20-1 to 22-6 . 


22- 6 to 25-0 . 


26-1 to 27-5 . 


27-6 to 30-0 . 


30*1 to 32-5 


Cultures with root-system 


32-6 to 35-0 . 


27-2 . 


I-l ; 2-3; 6-2; 
27-1. 


Mesopliytic — 

Xerophytic — 






ll-(a) . 


17-1 ; 20-2 ; 

30-2. 

10-2 

6-2 ; 8-2 ; 

16-2. 


3-2 ; 11-2 








l-(6); 11.(6) 
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In this case it is seen that the lateral spread of secondary roots in the meso- 

phytic type of root-system is greater than that in the xerophytic type. Only 
four cultures with a spreading plant habit, viz., cultures 27-1, 27-2, 32-1 and 32-^ 
were examined and they invariably had a larger amount of foliage development 
coupled with greater spread of lateral roots and also a better development of fibrous 
roots than the other cultures, all of which possessed erect plant habit. This of 
course is in conformity with the physiological fact that the plants with greater 
amount of fohage development require more efficient and vigorous root-systems 
capable of extending over a wide range of soil surface. The cultures with spread- 
ing plant habit, therefore, possess greater potentialities as green manuring crops 
for higher nitrogen fixation and humus formation, because of their well-developed 
root systems and nodule development as well as due to their heavy foliage growth. 
It is obvious also that the proper spacing for this crop should vary directly with 
the type of root-system and the extent of the lateral spread of the secondary 
roots. 

The development of the fibrous roots and consequently of root nodules, 
is usually good in the cultures with mesophytic roots and mostly poor or only 
fair in the case of cultures with the xerophytic type of root-system. This character 
is of great economic importance because the greater the number of fibrous roots 
in a plant, the larger is the formation of root nodules containing nitrogen-fixing 
bacteria. Sunn-hemp strains possessing this character, therefore, should be very 
useful for green manuring purposes. 

IV. Relation of the type of koot-system to locality 

The distribution of the different types of root-systems found in any crop is 
obviously centred round two important points, viz., (1) soil aeration and (2) the 
capacity of the soil to retain moisture. The presence of sufficient moisture and 
available food materials in the upper layers of the soil, as well as the anaerobic 
condition of the lower levels in Assam, Bengal and Bihar, or as a matter of fact in 
the greater part of the Gangetic alluvium, makes this tract an ideal substratum 
for surface rooting types. It is no wonder that the cultures with the mesophytic 
type of root -system, in the present studies, have originated from seed collected 
from these localities. Cultures 10-2 and 11-1 are exceptions, as the original 
seed of these strains was collected from Giddalore in the Madras Presidency. On 
the other hand, the drier soils of Western parts of the United Provinces of Agra 
and Oudh, and the greater portion of the Punjab, Sind and of Peninsular India, 
including Central India, the Central Provinces and the Presidencies of Madras 
and Bombay, with their deeper-seated supplies of moisture and better seration 
at the deeper levels of the soil, are adequately fitted for the growth and develop- 
ment of sunn-hemps possessing the xerophytic type of root-system. It is indeed 
from these tracts that cultures with xerophytic roots have been drawn. The 
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results presented in these studies, therefore, agahi confirm those obtained in 
other crops like barley, mung and urid reported before from this Section [ loc. 
citJ] 

Though root habit is rather responsive witliin certain limits to environ- 
mental conditions, its growth is primarily governed by heritable factors. In 
order to derive maximum benefits from improved crops, it is of fundamental 
importance for the plant breeder to appreciate the need for selecting plants with 
the proper type of root-system, suitable for the locality for which he is evolving 
his type. It will not do, for instance, to select for the black cotton soils of Central 
India a sunn-hemp variety possessing mesophytic type of roots. 

V. Belation of the type of boot-system to plant stature 

The root-system of a plant is often said to be the image of the shoot system 
and frequently it is found that the taller the plant the greater is the depth of 
its roots. The maintenance of the proper balance between the root and the shoot 
of a plant is indeed of very great imporatnce ; if either is too limited or too great 
in extent, the other will not thrive normally. In a healthy and well developed 
plant the root-system must be sufficiently wide-spread to absorb enough water 
and nutrients for the stem and leaves, which in their turn must manufacture 
sufficient food for the maintenance of the root-system and for the plant as a 
whole. 

Moderately high positive correlation (r=0* 4579^0* 1088) is found in the 
present studies between the average height of sunn-hemp plants and the maximum 
depth of their tap roots. This must not, however, be taken to indicate that 
all cultures which are tall must necessarily possess the deepest going tap roots 
or vice versa^ for there are a number of sunn-hemp cultures at Pusa which are tall 
but which definitely have a mesophytic type of root-system. These cultures have 
a large number of secondary roots and abundant fibrous roots. In other words, 
the association between the type of the root-system and stature in sunn-hemp 
may be said to be close and the amount of root development, including the depth 
of the main tap root, the lateral spread of secondary roots and the nature of 
the tertiary roots, may be said to be proportional to the development of the 
above-ground parts and consequently to the stature of the plant within certain 
limits. 

VI. Summary anb conclusions 

The study of the root-system of an economic crop is as important as that 
of its above-ground parts and the best results can be achieved from improved 
strains of crops only if their root-systems are efficiently adapted to the soil and 
climatic conditions under which they have to be grown. 

At Pusa a number of sunn-hemp cultures have been evolved from material 
collected from different parts of India. The root-systems of twenty four cultures, 
representative of different tracts, have been studied for two years consecutively. 
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Two definite types of root- systems, viz,, mesophytio and xeropliytic, have been 
recognised and differentiation between these two types has been made mostly 
according to the depth of the tap roots, the lateral spread of the secondary roots, 
and the nature and development of the fibrous roots. Further sub-divisions 
between mesophytie A and B and xeropliytic A and B have also been made on 
the basis of the average depth of the tap roots. 

In the mesophytie type of root-system the tap roots had lesser depths and 
the secondary roots had a greater spread than in the xerophytic type. Cultures 
which were collected from the alluviums of Assam, Bengal and Bihar and a very 
few others, invariably had a mesophytie type of root system, whereas cultures 
which were selected from seed collected from the drier localities of the United 
Provinces of Agra and Oudh, parts of the Punjab, Sind and Peninsular India, 
exhibited the xeropliytic type of root-system. Moderately high positive correla- 
tion has been observed between the type of root- system and the stature of plants. 
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I. Introduction 

This note deals with some aspects of earliness in the rice crop studied during 
the last nine years, first at the Botanical Section, Cawnpore, and later at the Rice 
Research Station, Nagina. The facts described below have been collected from 
observations on pure lines, and are described here as a prehminary to the proper 
understanding of the data accumulated since 1929 on the inheritance of earliness 
to be described in a subsequent paper. The studies with the pure lines and the 
hybrid materials are the outcome of the fact that earliness is one of the most 
important characteristics which decide the popularity or otherwise of a variety 
in a locality ; hence in our programme of rice improvement in the United Provinces, 
adequate attention has been paid to this aspect of the 
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II* Necessity of eaedy-eipeninc types in the United Provinces 

The demand for early -ripening types is great in several districts of the United 
Provinces. Besides enabling the cultivator to clear his field in time for the sowing 
of gram or wheat which generally follows paddy in rotation, early varieties make 
less demand on water on account of their shorter growing period. Since many 
parts of the United Provinces, where paddy forms an important crop, are not so 
well supplied with rain as other rice growing provinces like Bengal, Madras or 
Burma, and since the monsoon stops in Septemler or the beginning of October, 
it is very important that the paddy varieties should be such as to ripen just after 
the vdthdrawal of the monsoon. Even in areas where facilities of irrigation by 
canal are available (and these have increased considerably in recent years due to 
the opening of the Sarda Canal) the earlier ripening varieties are generally preferred 
by the cultivators. 

III. Eaediness in United Provinces rices 

The transplanted rices of the United Provinces can be broadly classified into 
early and late types. The early types flower from the end of August to the third 
week of September if sown in the first week of June and transplanted about four 
or five weeks after. They are ready for harvest in October. The late types 
flower from about the second week of October to the last week of the same month 
mostly between the iOth to 20th October, and are ready for harvest in the later 
half of November or in early December. This division of the United Provinces 
rices into two main groups is definite, very few types flowering in the inter* 
mediate period, viz,, the end of September or the beginning of October. The 
flowering of pure lines grown every year at the Rice Research Station, Nagina, 
which represent the majority of the rices of the United Provinces, gives a 
correct picture of the facts. Their flowering is sliown in Figure 1. The earliest 
types start flowering in the end of August, i,e., about eighty to ninety days 
after sowing, the latest in the early group taking as many as 112—115 days to 
flower. 


jo UN 


EAKLINESS IN THE UNITED PROVINCES RICES 


363 



z\niong the late types the earliest to flower takes 120 days from sowing, the late^ 
taking as many as 145 days. These figures vary slightly from year to year. The 
difference of the means of the two groups can be conveniently taken to be over 
a month. In Fig, 1 the modes are separated by about seven weeks. 

Besides the transplanted rices there are a few broadcast rices. Of these, 
the most popular are those commonly called Sathi dkan (paddy). Sathis^ as the 
name implies, take about sixty days to ripen after sowing. They are the earliest 
rices of the United Provinces, the other broadcast rices being a few to several 
weeks later than the Sathis, 

IV. Criterion of earliness 

Before studies upon earliness are made it has to be decided how best to judge 
earliness ; in other words, what should be the criterion of earliness ? The available 
literature on cereal crops in general shows that many workers have recognised 
the date of earing as the most suitable criterion for judging earliness, although 
other criteria have also been frequently used. Thus Farrer [1898] selected as his 
index the change of colour of the peduncle immediately below the spike. Biffen 
[1905], working on wheat, judged the fully ripe condition by the yellowing of 
straw and glumes and the hardening of the grain. Thompson [1918] used the 
term '' fully ripe ” when the central kernels of the wheat spike reached the dough 
stage. Caporn [1918] in his studies on oats considered a plant fully ripe when 
the last trace of greenness had disappeared from the tips of the palae. On the 
other hand Freeman [1919], Bryan and Pressley [1921], Florell [1924], and Allen 
[1924], all working on wheat, have used as the index of earliness the date of 
appearance of the first head on each plant. 

Hoshino [1915] and Jones [1928], working on rice, selected as their index of 
earliBess the appearance of the first spikelet above the sheath of the inflorescence. 
The latter says “ This index of earliness was found to be more satisfactory than 
record of tie date when the plant is fuliy headed or the kernels are all ripe 
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^yyangar [1921] used the date on which the first main head emerges out of the 
sheath and shows the white downy ring at the bottom of the panicle for flowering 
in rice, although he does not mention that he used the flowering duration as an 
index of earliness. 

We have also used the date of emergence of the tip of the panicle above the 
sheath as the index of earliness. The following reasons are suggested for this 

1. The exact date of flowering can be judged more easily and with fairer 

accuracy than probably any other factor like, say, the ripening 
of the complete ear or the yellowing of the peduncle. 

2. The ripening can be abnormally affected by adverse climatic or soil com 

ditions, but flowering is not influenced to the same extent. 

Whatever criterion is used for judging earliness it should fulfil certain important 
conditions. It should, for example, be accurate, and reliable. As for accuracy 
probably no other character can be judged with greater precision and ease as the 
date of flowering. With regard to reliability the date of flowering is not perhaps 
so consistent. It may show variation from year to year, besides being affected 
by spacing, manurial application, age of seedlings at transplanting, etc., but 
even then it is probably more consistent than ripening. 

In view of the importance of earliness and the necessity for caution in draw- 
ing conclusions from a study of flowering (liable as it is to variations due to the 
above-mentioned factors), it is proposed to examine the effects of some of the 
factors on flowering. We shall first consider the relation of flowering to seasonal 
factors, and also examine the effect on flowering of the age of seedlings at the 
time of transplanting. 

V. PLOWEnma in relation to seasonal fahtoes and to the age of seed-* 

LINGS AT THE TIME OF TRANSPLANTING 

The flowering dates were noted in 135 pure lines, isolated in the years from 
1926 to 1929 [Sethi and Saxena, 1930], when the observations were discontinued 
except in the case of a few types which were used as parents for certain crosses* 
Observations are now available extending over seven years on eight of the pure 
lines, four early and four late, and it is proposed to examine them closely in order 
to study the variation in their flowering durations.* 

* The following terms will be used in connection w ith the work here described. 

Flowering duration is the total number of days between sowing and flowering. 

Traie of flowering is the particular day on which a plant is observed to begin flower- 
ing. ^ ■ ■; 

Flowering -period is the number of days between the beginning and end of flower- 
ing in a culture. 

Ripening duration is the total number of days between sowing and ripening. 

Ripening period is tho interval between flowering and ripening. 

The first three terms are borrowed from the paper on '' Inheritance of flowering 
duration in rice by Bamiah [1933]. 


BARLINiiSS IN THE UNITED PROVINCES RICES 365 

The flowering durations of the eight pure lines referred to above are given 
in Table I. 


Table I 


Flowering dtirations oj eight pure lines in 1926-33 


Year 


Age of 


Early types 


Late types 



seedlings 
at trans- 
planting 

T. 1 

T. 3 

T. 7 

T, 12 

T. 5 

T. 26 

T.lOO 

T.llO 

1926 . 


Days 

43 

101 

103 

97 

99 

136 

129 

133 

136 

1927 . 

• 

S3 

90 

95 

89 

88 

135 

130 

132 

134 

1928 . 

* 

36 

92 

90 

90 

94 

132 

125 

126 

131 

1929 . 

• 

30 

81 

93 

77 

84 

132 

120 

122 

130 

1931 . 

. 

36 

89 

102 

89 

95 

135 

126 

128 

131 

fell 

1932 . 

• 

32 

85 

96 

85 

86 

131 

123 

129 

133 

1933 . 

• 

32 

86 

99 

• 

85 

92 

13P 

128 

' ■■ 1 

1 

129 

135 


It can be seen that marked variation occurs from 3^ear to year. 

A close examination of the table reveals an interesting relationship between 
the flow'ering duration and the age of the seedlings at the time of transplanting. 
The flowering duration runs more or less parallel with the age of the seedlings, 
being lengthened with an increase in age. This parallelism will become more 
apparent when the flowering durations are represented as the averages of the 
four early and four late types as in Table II. 
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Table II 


Variation in flowering duration uith the age of seedlings at tramplanting 


Year 

Age of seedlings 
at transplanting 

Average flowering 
durations 

Eai’ly types 

Late types 


Days 



1926 . . . . 

43 

100*00 

136-60 

1927 

33 

90*50 

132*70 

1928 ...... 

36 

91*50 

128-60 

1929 . 

30 

83-75 

126*00 

1931 ...... 

36 

93-76 

130*00 

1932 

32 

88-00 

129*50 

1933 

32 

90-50 

132*50 

1 


If, as the figures in the above table suggest, there does exist a tendency for 
tlie flowering duration to lengthen mth the age of seedlings, the bearing of this 
fact upon all studies of earliness will be as stated below. In breeding studies 
it is usual to accumulate data over a number of years in order to study the genetic 
variability of cultures for tracing relationship between different cultures in the 
same year or of different generations in different years. It is apparent, therefore, 
that the studies will not be quite accurate if the relationship between fiowering 
duration and the age of seedlings is disregarded. In view of this fact it is proposed 
to treat the figures in Table II statistically in order to judge the reliability as well 
as the intensity of the relation suggested by the figures. 

The relation has been tested by estimating the coefficient of correlation 
between the two sets of variables. The method used is the usual product moment 
formula : 

-S' (/) 

where x and y are the differences of the variables from their respective means. 
The values of r for the early and late types are, respectively, 4-0-8153 and 
4- O’ 5320, the two standard deviations being ±0’ 1368 and ±0-2931. For a small 
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sample of the size we are dealing with [riz.y seven pairs of observations) th© value 
of T and its relation to its standard error cannot be depended upon to measure the 
significance of the correlation observed. This fact has been emphasized by Fisher 
[1932] who has described a special method which he terms ' transformed 
correlation According to this method the value of r is transformed into a value 
called 2 , and to facilitate the transformation Fisher has prepared a table [1932, 
Table VB], Thus^ 

when 'r==0 • 8144, 25= 1' 14 
when f=0‘ 8178, 2 := 1*15 

By interpolation we find that for ?'*=0*8153, 2 ?= 1*1427. The standard error of 
2 calculated according to the formula — 


is 0*5. The ratio of 2 ; : *^^5 in the present case is 2*2854, which is interpreted as 
a normal deviate. Now, from tables of normal deviates we find that the deviation 
in the normal distribution in terms of the standard error should be as follows 

For P=0*01 deviation should be 2*575829 
P-0-02, „ „ 2*326348 

p=0*03, „ „ 2*170090 

Our value of 2 : : ^ ^ is 2 * 2854 which is between 0 * 02 and 0 * 03 points of P. 

Thus the value of r for the early types can be regarded as significant. In 

other words, the coefficient of correlation, +0 * 8153, may be regarded as sufficiently 
high to indicate a relationship between the age of seedlings and the date of 
flowering in the early types. We do not know whether it is the factor of 
the age of seedling or the climatic conditions obtaining at the time of trans- 
planting which has given to the figures a correlational semblance. That there is 
something more than accident in this relationship is what we were led to suspect 
in the course of the last few years’ breeding work, even before the figures were 
statistically analysed. The observations on late cultures also led to the 
conclusions confirmed above, viz,, that delayed transplanting does not delay 
flowering to the same extent as it does in the case of early cultures. 

An experiment in randomized blocks was laid down in 1934 to test the 
above finding regardmg the age of seedlings and flowering duration. The average 
flowering date of each of the plots was noted during the course of field observations. 
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The ages sf the seedlings used at transplanting were fifteen, twenty -five, thirty- five 
and forty-five days. Transplanting of the different treatments was done on 
the sane day. The results obtained were as follows : 


Age of seedlings 

15 days 
25 days 
35 days 
45 days 


Average flowering duration 

79 days 
87 days 
98 days 
109 days 


Thus the flowering duration has been remarkably affected by the age of the seed- 
lings. 

The above fact also finds support from the flowering data collected from some 
of the pure lines in 1933. One of these types was transplanted on different dates 
from seed sown on the same date. The frequency distributions are given in 
Table IIL 
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It will be seen that the mean flowering duration varies slightly with the date 
of transplanting. 

In view of the relation between flowering and the age of seedlings at trans- 
planting it becomes quite clear how important it is in experiments, where a com- 
parison has to be made of earliness in various cultures, that transplanting be con» 
fined within as narrow a range of time as possible. Usually at a research station 
the number of such cultures is large and the transplanting has to be carried out 
over a mirnbei of days, especially when heavy monsoon show^'ers interfere with 
speedy work. This is likely to affect the flowering. Hence an attempt should 
be made to transplant cultures, whose flowering durations have to be accurately 
compared on the same date, and towards this end all the resources of the station 
should be employed. 

Very much delayed transplanting was observed to have a curious effect on 
the flowi ring of some of the types in 1934. Some cf the seedlings of these 
early types were transplanted very late (about two or three weeks after the normal 
time) in order to fill in gaps caused by seedling mortality. These seedlings were 
obtained from the original nursery. The original transplanted seedlings pursued 
a normal course of development, each forming several tillers before commencing 
flowering. The later transplanted seedlings, howeT^er, consisting in most oases 
of a single tiller from the nursery started bearing thin poor ears within a few 
days of transplanting. This hastening of flowering was probably due to the 
plants having enjoyed a long uninterrupted growth in the nursery where they 
had already attained a high stage of development and were ready for flowering 
w^hen uprooted, so that as soon as they were transplanted they formed ears* The 
earlier transplanted crop on the other hand, having received a check due to trans- 
plantation earlier in life proceeded with fresh vegetative activity before entering 
the flowering phase. Since the second transplanting was delayed abnormally 
the hastening of flowering cannot be said to be an effect of age of seedlings ’’ 
but is perhaps an expression of the ‘periodicity’ of the crop. In these plants 
the real flowering took place when they renewed their vegetative activity after 
the first tiller had matured and the subsequent tillers flowered appreciably later 
than the rest of the crop from the first transplanting. 

VI. Flowering in relation to ripening 

In the study of flowering as an index of earliness we should not overlook the 
relation of flowering to ripening, because it is the latter phase which is most 
important to the cultivator. We shall therefore see whether the time which 
elapses between the flowering and ripening (i.e., the ripening period) is constant 
for aU the varieties, and also, whether in a particular variety it varies from year 
to year. This will show us how far earliness in flowering is a true index of earli- 
ness in ripening, and how far tho former character can be relied upon in judging 
the latter. 
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It has been found that for a particular variety the ripening period is more or 
less constant for a particular locality. Slight variations may, bower, be caused 
from year to year by climatic factors. Further, early varieties have, on the 
whole, shorter ripening periods than late ones. In other words, the former take 
less time to ripen after flowering is over than the latter. This fact is brought 
out clearly in Fig. 2, where the thick lines represent the dates of flowermg and 
of ripening in some of the early and late pure lines. Two facts are clear from the 

graphs : — . r 

L The ripening period does not vary much vdthin the group of early or 
late types, the ripening tending to vary with flowering. This is 
evident from the tendency of the flowering and ripening lines to 
remain parallel. 

2. The ripening period of late types is distinctly longer than that of the 
early types. This is seen from the wider space separatwg the 

two lines in the former. 
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The latter fact was mentioned in an earlier publication [Sethi and Saxena, 
,1930], but the data had not been studied systematically. The data have since 
.been closely examined and now enable us to arrive at definite conclusions. Three 
years’ data (1926-28) on about 120 pure lines have been analysed. These pure 
lines comprise both early as well as late types. For each group the average flower- 
.ing and ripening durationsf were calculated, and the averages examined statis- 
tically. The data are summarised in Table IV. 

Table IV 


Flowering and ripening durations and ripening periods in early and late types in 

1926-28 


Yeax 

Nature 

of 

types 

No. 

of 

types 

Mean 

llowerin.? 

duration 

<A) 

Mean 

ripening 

duration 

(B) 

Mean 

ripening 

period 

(B-A) 

Variance 
of ripening 
period 

Mean 
dffereuce 
between 
ripeniog 
periods of 
ear y and 
late types 

mean dilference 



♦S.E. of me.an difference 

1 

2 ' 

3 

4 

5 

6 

7 

S 

i ^ 

1926 , 

Early 

53 

102-62 

130-43 

27*81 

16*46 

12*09 

16*20 


Date . 

63 

133*02 

172-92 

39*90 

15*51 



1927 . 

Early 

. 54 

92-93 

120-43 

27*50 

12*03 




Late . 

67 

_ 

1 132-76 

168-25 

85*49 

12*28 

7*99 

12*54 

192S . 

Early 


94 -58 

121*50 

26*92" 

15- 30 


j 11^32 

mmmmmmmmm 

Late . 

66 

128-24 

163*29 

35*05 

15-02 

8-13 


* The values o£*t* for 0' 01 point of P for populations of SO and inSnitv 
The observed values of ‘ i ’ are juarkedly higher than these. 


are, respectively^ 2/750 and 2 '5782. 


The differences between the ripening periods of the early and the late types 
in 1926, 1927 and 1928 are 12 '09, 7 '99 and 8 ’13 days, respectively. These 
figures represent averages of over fifty types (Table IV). The differences have 
been statistically examined and are found to be significant. The method used 
is Fisher’s ‘ t ’-test [Fisher, 1932] devised for comparison of mean values based 
on small samples. The formula is— 


/-q-q 


- , t It has aheady been stated that ripening cannot be noted with the same accuracV 
rehabihty as flowering. The ripening durations mentioned here are therefore rouc^h 
ai proxnnations, arrived at after close e.,.amination of the panicles for maturity which 
necessitated greater care and more attention than the noting of flowering date usually 
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.here ? end ». the two nreane, end «! the eetimetee of two vsrimee. ond 

Nj, and are the sizes of the samples. 

The calculation of ‘ ’ for 1926 data is given below 

12-09 


t = 


V 



/ 16-46 

1 

16-61 

L 

63 

63 

12-09 



=16-20 


0-7462 


aSSSrSSH 

The latter, when compared with the y This remark 

duration will, therefore, appear more precocious than reaUy _ 

the best criterion of earliness. _ 

The examination of the statistics of the flowering and f f 

of correlation between the ^ 1928 foi^early and late types 

/ - ooeMeien. 

S«™lation »e given in Table V, with their standard errors. 
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Table V 


Values of coefficient of correlation (r) between flowering duration and ripening period 

in early and late types 


Year 

Description of group 

No. of types 

r 

o*' r 




Early types . 

53 

+ 0-283 

0-1276 

1926 . . 

. 


Late types 

63 

+ 0-261 

0-1184 




Early and late types 

116 

-hO-496 

0-0700 




Early types . 

54 

— 0-057 

0-1369 

1927 . 

. 


Late types 

67 

+ 0-103 

0-1218 



L 

Early and late types 

121 

+ 0-795 

1 

0-0335 

1 




Early types . 

53 

+ 0*160 

0-1351 

1928 • 

, •< 


Late types 

66 

+ 0-228 

0*1176 




Early and late types 

119 

+0-730 

0-0428 


The values of r (Table V) show that the correlations are low and, in most 
cases, insigniiScant where the early or the late group is considered separately. 
TJhat is, within a group, the ripening period is not necessarily greater in a type 
which has a larger flowering duration than in one with a shorter duration. On 
the other hand, when both the groups are considered together the correlations are 
always positive, close and significant. The facts can be interpreted thus. The 
low correlation within each group indicates that within a group the types may 
be considered genetically alike so far as the relation between their flowering dura- 
tions and ripening periods is concerned. The high correlations when the two 
groups are considered together indicate that these groups are genetically different, 
the shorter duration group (i.e., the early types) possessing a shorter ripening 
period than the other group. 

It was surmised in a previous publication [Sethi and Saxena, 1930] that the 
difference in the ripening periods of early and late types may be due to the gradual 
faU in temperatmre from August onwards. The temperature by the end of Sep- 
tember or the beginning of October, when the early types mature, is about 98° F,, 
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wkile about the beginning or middle of November, the time of maturity of late 
types, it ranges between 80° and 84° F. While there is a possibility of such an 
influence operating, it is felt that without controlled experiments to. green houses 
this view is open to criticism. It may be that the fall in temperature is not the 
prime cause, but that the growth factors which determine flowering duration 
also determine the ripening period. Thus we may reasonably expect that if one 
phase of the life of the late types is longer {viz.^ the flowering duration) the next 
phase {viz,, the ripening period) will also be longer than the corresponding phases 
of the early types. This would be but an instance of what Webber [1906] and 
Collins [1916] call physiological correlation, i,e,, the two characters in question 
* are the result of the same physiological tendency. ’ 

That long-fiowering-duration varieties, take a comparatively longer time for 
ripening than the early ones, has also been mentioned by K. Ramiah in Madras 
Agricultural Journal, Volume XV, 1927, pages 47-48. 


VII. Summary and conclusions 

The above paragraphs discuss some of the prominent features of the rice 
varieties of United Provinces as regards their earliness. They are — 

1. The transplanted rice varieties can be classified into two main groups, 
i,e,, early and late. 

2. The broadcast varieties contain some of the earliest types, the most 
popular of which are the $athi rices. 

3. In the early transplanted varieties the flowering duration has been found 
to be affected by the age of seedlings at the time of transplanting, increased age 
resulting in delayed flowering. This has been demonstrated statistically. 

4. In the case of the late varieties the age of seedlings at the time of trans- 
planting does not affect the flowering significantly. 

5. In view of the fact mentioned in paragraph 3 it is suggested that where 
a comparison has to be made of earliness in various cultures attempt should be 
made to transplant seedlings of the same age by confining the transplanting 
operations within the shortest possible range of time if the cultures have been 
sown on the same date in the nursery. 

6. Very much delayed transplanting m some early types has been found to 
result m a precocious flowermg which, however, does not represent the normal 
flowering phase of the varieties. 

7. The ripening period is shorter in the case of early varieties than in the 
late ones. 

8. Within the same group of varieties (i.c., early or late) the relation between 
flowering duration and ripening period is not constant and shows msigniSoant 
correlation. 
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• A PRELIMINARY NOTE ON COTTON FAILURE IN THE 
PUNJAB AND SOME ABNORMALITIES IN THE PLANT 

BY 

R. H. DASTUR, 

Plant Physiologist, Agrioidtural QolUgs, Lgallpnr {formerly Professor of Botany^ 
Boyal Institute of Science, Bombay) 

(Received for publication on 12tli December 1935) 

(With Plates XXIX-XXXI) 

Iotbodugtiok 

The American cotton crop in the Punjab is subject to periodic partial failures. 
Such partial failures occurred in the year 1919, 1920, 1921, 1926, 1927 and 1928. 
The symptoms of the failures were early reddening of the leaves, bad opening of 
the boils with immature seeds and low quality of lint and in the extreme cases 
the dwarfing of the plant. Naturally attempts were made to determine the 
causes of such failures of the crop in these years when the yield of seed cotton was 
abnormally low. Various views were advanced like the heat-storke theory of 
Milne [1924], unfavourable combination of climatic and soil factors by Trought 
[1931], attack of White-fly [Roberts, 1929], Jassid attacks and concentration of 
salts surrounding the feeding zones of the roots. All these theories could not be 
supported with sufficient scientific data. It was, therefore, thought that internal 
nutritional disorders were perhaps the causes of such failures resulting in abnor- 
mally low yields. So the present scheme submitted by the Punjab Agricultural 
Department was sanctioned by the Indian Central Cotton Committee to study 
the physiology of the cotton plant with a view to determine the nature of the 
nutritional disorder produced and the causes underlying it. It was also proposed 
to study the growth of the cotton plant under different conditions of tempera- 
ture humidity and soil factors. 

On reviewing the work done on the problem and studying the evidence 
collected two lines of investigations suggested themselves. During the failure 
years the first symptoms were the reddening and bronzing of the leaves at the 
reproductive stage. These symptoms were a constant feature of the crop during 
the failure years always at the reproductive stage. It was, therefore, considered 
desirable to determine if the nutritional disorder was caused by the deficiency of 
minerals like magnesium, manganese or iron, since it has been shown in the case 
of other crops like corn [Jones, 1929], tobacco [McMurtrey Bacon and Moss^ 1923 ; 
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1930], [Jacobson and Swanback, 1932], [Conner, 1932], oats [Piper, 1931], soy 
beans [Mann, 1930], [Odland and Crandall, 1932], [Odland and Knoblauch, 1934 ; 
1935] and many others that deficiency of any of these minerals or their unavail- 
ability due to the alkaline conditions of the soils may bring about the chlorotic 
condition of the leaves ultimately producing the reddening effects in some cases 
and reducing the yields. The difficult task was to determine the dose of such 
minerals per acre as such experiments had not been done before on the College 
Farm. However, experiments were arranged on the randomised plot basis in 
five replications at two places, one at the Lyallpur Farm and the other at the 
Risalewala Seed Farm. The results of these experiments will be communicated 
later, but as far as it could be judged from the condition of the crop, no significant 
differences in the yields under various treatments are expected. 

Side by side, the complete mineral analysis of 4 F and the desi (Mollisoni) 
cotton plants at fortnightly intervals was also undertaken. The pH values of the 
soil at different depths before and after manuring with the minerals in the field 
trials described above are also being determined. 

The second line of investigation that suggested itself was a study of the 
internal structure of the plant and a thorough microchemical examination of the 
tissues of the roots, stems and leaves throughout the season. By such micro- 
chemical study it might be possible to notice the changes occurring in the plant 
leading ultimately to malnutrition of the plant. 

The microchemical investigation of the cotton plant has led to important 
discoveries. It will be reckoned in future an important event in the history of 
the cotton crop in India when the microscope was first focussed on the section of 
a leaf discerning the abnormal features to be described below. One by one these 
abnormal features came to light as the season advanced and it was found that the 
cotton plant is afflicted by an internal trouble not known before. 

This trouble is not confined to American cottons ((?. hirsutum) alone but is 
equally widespread in the indigenous types. It is the time of its incidence and 
its intensity that bring about such wide variations in the yields from plant to 
plant, field to field and season to season. 

One of the main reasons why the trouble has remained unnoticed is the 
external green and healthy appearance of the plant, though internally ‘ diseased 
The indigenous types do not show any unhealthy appearance but the American 
types fortunately show externally the effects of this internal disease in reddening 
of the leaves and bad opening of the bolls. When the disease takes hold of the 
plant at a very early stage in the growth of the plant, these external symptoms in 
the American cottons may be aggravated and partial or complete failure may 
result. The abnormal features will be first described and an attempt will then be 
made to connect up these abnormalities. It may be stated here that these 
abnormaUties found in the leaves and roots of cptton plants have not beeQ des- 
cribed before for any other plant. 
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Transverse section of leaf of 4-F American, 
showing the cells filled with yellow deposits. 


Transverse section of root of 4-E American; 
showing the formation of colonies of particlet 
exhibiting brownian movement. 
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Investigation 

I. Abnormalities in the leaves 
(i) Disintegration of the chloroplasts 

In the beginning of July"^ while examining the tissues of the leaves of the 
4-E cotton it was discovered that the green plastids in some of the palisade and 
spongy cells of the leaves had become broken down into small particles and in 
place of large egg-shaped chloroplasts arranged in parallel rows (Plate XXIX, 
fig. 1) the cells were filled with powdered grains (Plate XXIX, fig. 2). This 
observation at once struck one as being an abnormal feature ; so sections 
of mature, healthy and green leaves were examined and it was found that 
in some cases all the mesophyll cells contained the plastids intact 
(Plate XXIX, fig. 1), in some cases some of the mesophyll cells had 
the chloroplasts intact, while others were broken up and in some leaves all the 
cells showed disintegrated chloroplasts. These three different stages in the state 
of plastids are hereafter termed as normal, partial and total respectively. 

The leaves of different strains like the L. S. S., 43 P, 38 P, Egyptian cotton 
Boss III, 289 P, and 285 P were examined and similar features noted. 

By the beginning of August, the number of leaves showing these disintegrated 
plastids increased, so much so that leaves with normal chloroplasts became rare 
and unusual. Towards the end of August it was not possible to find leaves with 
normal plastids. Even though the leaves appeared normal, healthy and green 
externally, yet internally they were all diseased in the sense that their photosyn- 
thetic mechanism had been thrown out of gear. In the young leaves 
very careful examination showed that the normal chloroplasts were absent. 
Whether the chloroplasts first developed and then disintegrated or did not 
develop at all was difficult to determine. Though the number of leaves examined 
every day had to be limited for want of assistance, it can be said with certainty 
that leaves with normal chloroplasts were rare. Plants were then obtained from 
fields outside the Lyallpur Farm with similar results. Plants were next examined 
from outside Lyallpur district but normal leaves were not found. From Shahpur 
district, the August specimens had leaves with normal chloroplasts but subsequent 
specimens obtained in September had diseased leaves. American cotton plants 
were obtained from Sind. In the samples sent in August, the leaves were quite 
normal but the samples obtained in September showed the same abnormality. 

^ Crop is sown in 2nd week of May and harvested in October to December. 

‘ ' ' ; ' ' ■/ 31 
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Tlie searcii was not confined to American cottons alone but to desi varieties also. 
Disintegration of chloroplasts in the month of September was noticed in the 
various varieties of d&si cottons in the Punjab, Sind, Surat, Dharwar and Indore. 
The following table will give an idea of the different strains of the American and 
de^si cottons examined and the months in which the chloroplasts were found to 
be broken up. In many cases the samples could not be examined earlier than 
the months indicated and so it is difficult to say when the first symptoms of the 
trouble appeared. Thus the disintegration of the chloroplasts is not a feature 
confined to American cottons alone but is also a common feature of the indigenous 
varieties so far examined. 

The leaves of Yerum and Buri cottons obtained from Nagpur as late as 
December had normal chloroplasts. Similarly the specimens received from Uj jain 
at the same time had partially decomposed chloroplasts in the leaves. 

{2) Accumulation of starch in the leaves 

The accumulation of starch is another abnormal feature noticed in the leaves. 
It was first noticed in the 4 P plant in August. The starch grains were large and 
could be easily mistaken for chloroplasts. These starch grains were first mistaken 
for the spheres described by Sorokin [1927] in the case of tomato maosaic. Like 
these spheres they were soluble in ten per cent potassium hj/droxide but later 
they were identified as starch grains. The starch grains are large and they 
completely fill the palisade and spongy cells. Surrounding the starch grains are 
found small bodies. They form a ring round the starch grains and can be easily 
distinguished from the starch grains by proper staining. Under normal conditions 
the starch grains are always found on the surface of the chloroplasts but here they 
lie free in the cell and completely fill them. Under normal conditions the starch 
grains would be hydrolised by diastases and translocated as sugars to the interior 
of the plant. For some reasons or the other this does not happen in these 
leaves. 

The accumulated starch remains in the leaf even when it has turned yellow 
or red. Under normal conditions the functionless leaf is depleted of starch while 
in the case of the American cottons examined the dead leaves in some cases 
contain starch. It is at present difficult to state if this is a common feature of all 
the dead leaves of American cottons. 

The greater accumulation of starch always occurs in the leaves produced 
earlier in the vegetative period. In the new leaves which develop later, the 
starch accumulation becomes less and less because the disintegrating process in 
the chloroplasts sets in earlier as the season advances and consequently the 
photosynthetic process is also inhibited earlier in the newly developed leaves. 
Hence starch accumulation does not occur in the leaves developed later. 

(3) Hypertrophy of the mesophyll cells 

The elongation of the palisade and spongy cells is another abnormal feature 
of the leaves of the American cottons which manifest itself in their crumpling, 
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curling and thickening. The elongation of the palisade cells to nearly twice their 
normal length results in increasing the thickness of the leaf as a whole. The 
elongation of the spongy cells which is in a plane at right angles to the plane of 
elongation of the palisade cells increases the area of the lower surface of the leaf. 
Upward curling of the leaf results as the lower surface becomes greater than the 
upper surface. When the elongation of the palisade and the spongy cells is 
irregular, the leaf crumples. The elongation of the palisade cells in the leaves 
of the American cotton has also been noticed by Jones and Mason [1926] in two 
obscure diseases of cottons. 

(4) Formation of tannins and other deposists in the cells 

Later on the palisade and spongy cells of the leaves become filled with a 
yellowish mass. The plastids of the disintegrated chloroplasts disappear entirely 
and the starch grains usually disappear or are covered by the yellow substance 
(Plate XXIX, fig. 3). Some of the mesophyll cells as well* as the conducting 
parenchjnnatous cells in the leaves become filled with small bodies which are 
round and yellow in colour. These bodies ultimately fuse together and give rise 
to a homogeneous yellow mass. In the later stages all the cells of the leaves 
including the conducting elements become completely filled with the yellow sub- 
stance. The yellow mass gives the characteristic reactions of tannins, fats and 
protein substances. These yellow contents stain dark blue with Methyl violet, 
Gentian violet and many other vital stains. The whole section of the leaf looks 
like a row of dark cells easily seen under a low power microscope. The difference 
between an healthy leaf and the diseased leaf becomes most marked at this stage. 
Yet, then, the leaf may appear externally green in colour. A yellowed or 
reddened leaf has also similar deposists in the mesophyll cells. 

(d) Reddening of the leaves 

The reddening of the leaves is the final external symptom of the series of 
changes described above, and beginning weeks before the red colour appears in 
the epidermal cells. It is the final stage in the process of internal disintegration 
that occurs in the leaves. The red colour as is well known is caused by the produc- 
tion of anthocyanin pigments that develop in the leaves which are in the senescent 
stage. The acidic reaction of the cell sap gives reddish colouration to the antho- 
cyanin pigments. There is a mixture of anthocyanins and anthoxanthins in the 
epidermal cells as can be seen by the change of reddish to greenish colour in the 
cells when they are immersed in alkaline solutions. (Anthocyanin pigments when 
present alone turn bluish in an alkaline medium). The production of anthocy- 
anins in leaves of plants is closely associated with the presence of carbohydrates 
and this is actually the case in the leaves of cotton plant. The leaves contain 
starch and perhaps to some extent sugars and as they are not translocated, they 
give rise to anthocyanin pigments in the epidermal cells. Often anthocyanin 
pigments are not produced and though the green colour of the leaf is maintained, 
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the interior of the leaf is as much destroyed as in the case of a red leaf. A 
plant may have greenish leaves and yet it may be as much diseased as a plant 
with red leaves. Pi;eddening is not always the external indicator of the internal 
trouble. 

To sum up briefly, the disintegration of the chloroplasts begins to occur in 
the leaves. The period when it first makes its appearance appears to var^?* from 
plant to plant, field to field and perhaps from season to season and place to 
place. It may start at any time in July to October if the seeds are sown in May, 
i.e., two months after sowing. Thus the synthetic mechanism of the plant 
becomes less and less efficient as growth proceeds till it stops altogether. There is 
also unusual accumulation of starch in the cells of the leaves. The accumulation 
diminishes in the leaves that develop at a later stage. There is also an elonga- 
tion of the palisade and spongy cells in different planes and this gives rise to 
crumpling, curling and thickening. Later tannins develop and protein substances 
are produced. Finally the development of anthocyanins and anthoxanthins 
occurs in the epidermal cells and produces reddening of the leaves. This last 
change does not always take place. 

A list of the various strains of American and desi cottons examined for * internal 
trouble ’ in the leaves, roots, and stems 


Strain 


4F (Lyallpur) 


L. S- S. (Lyallpur) 
289 F. (Lyallpur) . 


Date of collection 


Remarks 


Throughout the 
growing season 


Up to June : — ^Free, 

July : —Traces 
August 7 

September ) 

Later on the trouble has been pro- 
gressively increasing. 

Note 


Medium 


July and August 
1 1th October 1935 


(1) At Lyallpur the trouble was 
first noticed in a serious form in 
squares No. 43 and 26, Agricul- 
tural Farm, Lyallpur. 

(2) In square Nos. 24 and 46 the 
plants are healthy even in Novem- 
ber. They are green and sliow 
good opening. Only some traces 
of the disease are seen inside the 
plant. 

Medium. 

Diseased. 


Free = No disintegration of chloroplasts and no deposits in the cells of the roots and 
stems. 

Medium = Disintegration of chloroplasts occurs late in the season. The deposits appear 
late in the roots and stems and do not extend into the medullary rays 
and xylem parench37ma. 

Diseased = Disintegration of chloroplasts within three months after sowing and forma- 
tion of deposits in all the storage and conducting cells. 
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A list of the various strains of American and desi cottons examined for interna 
trouble in the leaves, roots and stems — contd. 


Strain 


Date of collection 


Bemarks 


Cottons from other 'parts of the Province 


Kalara (Shahpur) 


43 P ,.,v. 


2/35 P 24 


1/35 P 38 


10/35 P 20 


22/35 P 11 


29/35 . 


15th Ang. 1935 . Free 
15th Sept. 1936 . Diseased 
15th Oct. 1935 • Do. 


Date of collection Bemarks 


Strain 


Medium 

Do. 

Diseased 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Medium 

Do. 

Do. 

Do. 

Do. 

Do. 

Diseased 

Do. 

Do. 


September and October 
4th October 1935 
11th October 1935 
7th October 1935 
10th October 1935 
Do. 

Do. 

9th October 1935 
Do. 

8th November 1935 . 

Do. 

Do. 

Do. 

Do. 

Do. 

14th November 1935 . 
Do. 

Do. 
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Cottons from other parts of the Province — contd. 


Place 

Strain 

Date of collection 


Jaraiiwala . 

4 F . . 

16th Aug. 1935 . 

Diseased. 



26th Aug. 1935 . 

Do. 

Jahanahad (ShahpuT) . 

4 F . 

14th Aug. 1935 . 

Do. ■ 

Chak Dora (Shahpur) • 

4 F . 

15th Aug. 1935 . 

Medium 

Chak 109 R. B. . 

4 F . 

6th Sept. 1936 . 

Do. 

Cliak Draxiford (Dj^allpur) 

4 F , 

10th Sept. 1936 . 

Diseased 

Karwala (Lyallpur) 

■ 4 F 

20th Sept. 1935 . 

Medium 

Siiarakpnr . 

• 4 F . 

26th Sept. 1935 , 

Diseased 

Paewind 

4 F ... 

7th Oct. 1935 

Do. 

Chak 223 (Lyallpur) 

4 F . 

24th Oct. 1936 . 

Do. 

Ganga-nagar (Jaranwala) 

4 F . . . 

6th Oct. 1935 . 

Do. 

Do. 

L. S. S. 

Do. 

Do. 

Chilliauwala (Gujrat) , 

L. S. S. 

26th Sept. 1935 . 

Medium 

Do. 

38 F , 

Do. 

Diseased 

Do. 

45 F , 

Do. 

Do. 

Do. 

4F . . . 

Do. 

Do. 

Khanewal 

4 F . 

25th Sejjt. 1936 . 

Medium 

Bo. . , . 

K. T. 23 . . 

Do. 

Diseased 

Do. . . 

K. T. 25 . 

13th Oct. 1935 . 

Do. 

Do. ... . 

38F . . 

Do. 

Do. 

Multan 

43 F . . 

3rd jN'ov. 1935 . 

Do. 


4F . , . 

Do. 

Do. 


38 F . . . 

Do. 

.. 'Do. 


L. S. S. . . 

Do. 

Do. 


73 F . 

Do. 

Do. 
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Cottons from other parts of India 


Place 

Strain 

Date of collection 

Bemarks 

Sakrand (Sind) 

4 F 98 . . 

10th Aug. 1935 . 

Free 


289 F . . 

Do. 

Do. 


Do. . . 

3rd Oct. 1935 

Diseased 


4 F 98 . . 

Do. 

Do. 


289 F 

25th Sept. 1935 . 

Do. 


Cambodia 

14th Oct. 1935 . 

Do. 


4 F 18 Parent 

1st Nov. 1935 . 

Do, 


4 F IS X Meade Strain 
No. 94 

Do. 

Do. 


4 F 18 X Meade Strain 
No. 101 

Do. 

Do. 


4 F 18 X Meade Strain 
No. 27 

Do. 

Poor medium 


Meade parents 

Do. 

Diseased 


Sea Island x 285 F 

Do. 

Do. 


Do. . . 

Do. 

Do. 


185 Fa 

Do. 

Do. 


4 F 98 

Do. 

Do. 


A, 2 Bulk. 2-45 

Do. 

Do. 


2-26-41 

Do. 

Do. 


Boss III 16 . 

Do. 

Do. 


Ashmoni 39 • 

Do. 

Do. 


Con 

Do. 

Do. 


N. T. 21-8-8 

Do. 

Do. 


K. T. 25-81-5 

Do. 

Do. 


Desi 27 W-N. 

Do. 

Poor medium 


After the paper was sent foi publication many other strains of cotton have been 

examined with similar results. 
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Cottons from other parts of India — contd. 


Place 

1 Strain 

Date of collection 

Remarks 

Surat . 

1027 A.L.P. 

15th Aug. 1935 . 

Medium 


Do. 

7th Oct. 1935 , 

Diseased 

Nagpur 

Buri 

26th Oct. 1936 . 

Free 


Verum 

Do. 

Do. 

Indore 

Malvi 1 . . , 

29th Oct. 1935 . 

Diseased 


Malvi 9 . . . 

7th Sept. 1935 . 

Free 


Do. ... 

29th Oct. 1935 . 

Diseased 


Cambodia 

30th Oct. 1935 . 

Do. 


Co II (Coimbatore) 

Do. 

j Do. 

- 

(Sanguineum X Sea Is- 
land) X 2 ^ Upland 

Do. 

Medium 

Dliarwar 

102 E 

3rd Nov. 1935 . 

Do. 


Gadag x 102 E . 

Do. 

Do. 


Gadag 1 . . . 

Do. 

Do. 


J a3rv7ant . . 

Do. 

Diseased 


Dharwar 1 . . . 

Do. 

Do. 

Parbhani 

American No. 1 

8th Oct. 1935 . 

'■ Free 

Ujjain . 

Cambodia . . 

26th Oct. 1935 . 

Do. 
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Strain 


G. indicum var. Mollisoni 

G. indicum proper 

G^ neglectum proper 

G, neglectum var. Bosea 

G. mnguinmm 
Var. Major 

(i) Broad-lobed 

(ii) ISTarrow-lobed 
Var. Minor 

(i) Broad-lobed 
{ii) Narrow-lobed 


Date of collection 
Throughout season j 

26th Sept. 1935 
Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


Remarks ■ 


Free up to J uly and 
August. Then some 
plants medium, others 
free from disease. 


^Medium. Only cortex 
is affected. Medullary 
rays are all free^ 


Plants other than cotton examined for the disease 


Plant 

Date of collection 

Remarks 

Ocimum sanctum 

. 


8th Oct. 1935 

Free 

Vinca rosea 

• 

. 

Do. 

Do. 

Hibiscus esculentus 

• 

• 

15th Oct. 1935 . 

6th Nov. 1935 

1 Very slight tendency 
y towards disease 

j 

H, rosasinensis 


. 

^ 2nd Nov. 1935 , 

Free 

AbuUIon indicum 

• 

• 

17th Oct. 1935 . 

Do. 




2ncl Nov. 1935 . 

Do. 

Hollyhock and many others . 

. 

. 

1st Nov. 1935 

Do. 


388 INDIAN JOUENAL OF AGEICULTUEAL SCIENCE [VI, U 

n. AbNOBMALITIES IN THE BOOTS 

Many abnormal changes take place in the roots from the very seedling stage 
up to the time of maturity and in order to differentiate these changes from one 
another fresh material and sectioning are necessary. Only a very careful and 
prolonged study under the microscope has revealed the important and intricate 
changes which take place in the interior of the roots. 

In the seedling stage the first symptom to be noticed is the brownian 
movement of the very smaU particles which give the appearance of 
small organisms (Plate XXX, fig. 4). They do not stop moving when 
treated with osmic acid and are not stained with iodine. These particles are 
seen to aggregate into cells and form a colony which is covered with a 
yellow miicilagenous mass (Plate XXX , fig. 4). These yellow masses can 
be easily distinguished under the low power of the microscope. When treated 
with an alkali, the yellow mass dissolves away but the particles still persist 
and exhibit brownian movement. These bodies when treated with nitric acid 
appear yellowish in colour. They are not soluble in strong nitric or hydrochloric 
acid. These yellow colonies become enlarged and assume a darker colour than 
before as the roots grow older. They are generally situated in the cortical region 
of the roots but are also found in the phloem. In a cross-section of the roots a 
number of them can be seen. The number continuously increases as the roots 
grow in thickness. 

The second important change which takes place in the roots is the formation 
of some deposits in the cells of the cortex and the phloem (bark). These deposits 
are not seen in fresh sections but become apparent in stained preparations (Plate 
XXIX, fig. 4). They do not dissolve in alkalies or acids. They give ail the 
protein reactions. They stain black with osmic acid. They are stained with 
all anUine stains like Methyl violet, Methylene blue, Giemsa and Lieshman’s 
stains (Plate XXX, figs. 1 and 2). 

These colourless deposits also gave aU the colour reactions of tannins. About 
ten different colour reactions for tannins have been obtained with these deposits. 

The number of cortical cells containing these deposits increases as the plant 
advances in age so much so that the whole tissue of the bark except the bast fibres 
becomes filled with it. The formation of these deposits then extends into the 
medullary rays and the xylem parenchymatous cells surrounding the vessels 
(Plate XXX, fig. 2). The vessels are free of these deposits except in some rare 
cases. Thus all the conducting channnels of the roots for the translocation 
of the elaborated foods and the storage places are filled with substances which 
appear to be a mixture of proteinS;, fats and tannins. 







PLATE X 


Transverse section of root of 4-r American, showing 
the complex deposits in the cortical cells. 


Transverse section of root of 4-F America^ 
showing deposits in the cortical cells, phloei 
medullay rays, and xylem parenchyma. 


Fig. 3. Transverse section of root, showing the 
formation of the complex deposits. 


Fig. 4. A yellow colony with particles exhibiting 
brownian movement. 





' I.** 


Atta. j. Ague. Set,, VOL % ran li, J 


IfiG. L Transverse section of root, showing semi- 
liquid deposits on the starch grains inside 
the cells of the root. 


Fig. 2. Transverse section of stem of 4-F 
American, showing deposits in the 
epidermis, phloem, medullary rays and 
pith. 
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Fig. 3. Transverse section of roots of 4-F American, 
of a well-opened plant showing the absence 
of deposits. 


Fig. 4. The bacteria cultured from the embryo 
of 4-F American seed. 





iJOTE ON COTTON FAILTJEE IN THE! PUNJAB 


38 & 


Similar deposits are also found in the lower portions of the stem (Plate XXXI, 
fig. 2) and the trouble extends upwards into primary and secondary branches. 
They can be seen in the topmost parts of the plant including the pericarp of the 
bolls. Sometimes the upper parts of the stem and branches are free while 
the lower parts of the same plant show these deposits. 

These deposits found in the cells of the bark, the medullary rays, and the other 
cells are seen to develop from the particles exhibiting the brownian movement. 
These particles aggregate and form a small or a big colony which ultimately loses 
its granular character and appears as a semi-liquid mass. If the cell in which this 
process occurs contains starch grains, the fluid mass envelopes them (Plate XXX, 
fig. 3, and Plate XXXI, fig. 1). Later some reaction between the starch grains 
and the substance of the mass occurs and the starch grains lose their shape and 
character and a complex deposit described above is formed. This process 
occurs all along the storage and the food conducting cells of the plant. 

In some cases the small particle surrounds the starch grain (Plate XXXI, 
fig. 1) and transforms the latter into a yellow body. Though the original shape 
of the starch grain is retained it does not stain with iodine. The transformed 
body of the starch is then stained with Methyl violet like the deposits 
described above, giving protein reactions. 

Another abnormality found is the large accumulation of starch in the cortex, 
medullary rays, the xylem parenchyma and the pith. In many cases the roots 
and lower parts of the stems are completely filled with starch grains. 

It was observed that, as in the case of the leaves, the time at which these 
abnormalities begin to appear in the bark of the roots and stems varies from plant 
to plant and filed to field. In some cases it was noticed in the month of July 
while in others in August or September or even later. 

These abnormalities in the roots and stems were noticed only to a small 
extent or were entirely absent m plants which had well-opened bolls (Plate 
XXXI, fig. 3) while they were always present to a very great degree in badly- 
opened plants in the Punjab. 

The following evidence indicates that the formation of these deposits in the 
roots and stems is an abnormal feature of the cotton plants here. (1) The depo- 
sits are not found ordinarily in plants either allied to cotton or plants belonging 
to other families. (2) It is possible to find cotton plants which do not show these 
abnormalities. The Verum and Puri cottons from the Xagpur Farm are free of 
these abnormalities even at harvest time. (3) 4-P cotton plants are also found in 
which these abnormalities are absent even at harvest time. (4) The period at 
which thev appear varies from plant to plant. If it is a regular feature they’ 
should begin to appear at almost the same time at least in the same field in plants 
grown from seeds sown at the same time. 
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The great accumulation of starch afc the fruiting stage in the roots and stems 

is also abnormal at the time when the starch should be hydrotysed and trans- 
located to the fruiting parts, in plants whose bolls are opening well no such 
accumulation is noticed. In badly-opened plants the accumulation of starch 
is found to occur in roots, stems and branches. 

The formation of these abnormal deposits is found in almost all varieties of 
cottons whether exotic or indigenous (Table I). It is most conspicuous in the 
Egyptian and American cottons grown in India. In desi cottons the formation 
of these deposits begins late in the season and is not so vigorous in most oases. 

III. Presence op micro-organisms 

Chloroplasts are stable bodies and though the green colouring matter 
adsorbed on their surface decompose, they are not ordinarily broken down to 
particles. The disintegration of chloroplasts in a healthy plant cannot occur 
except by the action of proteolylic enzymes secreted by micro-organisms present 
in the plants. Such disintegration of chloroplasts in leaves is reported by Sorokin 
[1927] and Eckerson [1926] in the case of tomato mosaic. It was, therefore under- 
taken to determine whether any micro-organisms like bacteria or protozoa are 
present in the cotton plant. 

Attemps were made in the first place to culture the organism from the leaves 
and it was found that rod-shaped bacteria in pure colonies developed in the culture 
media. These bacteria are different from B. mahacmrnm which causes the Black 
Arm disease of cotton. They have flageUae on all sides, whUe B. malvacearum 

has only one flagellum. Similar organisms were obtained from the root 
cultures. 

Attempts were made to obtain bacterial cultures from the 4 E seed and it was 
found that the embryos in the seeds were infected, as the same form of bacteria 
developed from the seed cultures (Plate XXXI, . fig. 4) . 

Later the seeds of the different strains of exotic and indigenous cottons were 
exammed and these micro-organisms were found in each case. The cultures were 
made in duplicate. 

These organisms have also been cultured from the old roots of cotton plants 
of the previous season and they are also found in abundance in the roots of toria 
which IS a rotational crop with cotton in the Punjab. 


Discussion 

There are thus three principal types of abnormalities. (1) Disintegration of 
chloroplasts. (2) Formation of deposits in the bark and other conducting tracts 
with the accumulation of starch in diseased plants and (3) Presence of organisms 
m all parts of the plants. “ 
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It is well known that when pathogemc bacteria are present in a plant, changes 
of a chemical nature are produced by them in the host. They are known to produce 
injurious acids and toxic substances which inhibit physiological activities. On the 
other hand they also help the production of substances which stimulate the cell 
activities and either the multiplication or an increase in dimensions of the cells 
occurs. 

In the cotton plant three effects of the presence of the pathogenes on the plant 
body are visible : (1) Hypertrophy of mesophyll ceUs, (2) Disintegration of chloro- 
plasts and (3) Abnormal production of cell deposits. Even though the bacteria 
are present, the cotton plant offers great resistance to them and the plant does 
not succumb to them. 

It may be tentatively concluded -that the first two abnormalities result from 
the presence of bacteria in some form of their life-cycle though at present no 
definite demonstrative evidence to show that the organisms actually cause them**^ 
exists. The presence of organisms is now definitely established and cannot be 
disputed. It can be cultured in twenty -four hours from every part of the plant 
body. The novel feature is that when plant material is examined fresh, no living 
Organisms are seen but they appear only after twenty-four hours when the sections 
of the root are left in sterilised water or kept in culture media*. 

The chloroplasts of the leaves may suffer disintegration due to the toxins or 
proteolytic enzymes secreted by the bacteria. This has been verified by leaving 
a section of the leaf in hanging drop of water on a slide and infecting it with bac- 
teria. By this means disintegration of plastids was obtained. This must be 
verified again as it was not possible to get a normal leaf free from this trouble and 
hence it cannot be said definitely whether the disintegration is actually caused 
by these organisms or not. 

Secondary infection very probably occurs through the soil either from the 
ungerminated seeds, the old roots of the cotton plant of the previous season or 
from the roots of rotational crops especially the roots oitoria which abound in 
these organisms. As a result of infection whether primary or secondary, 
pathological conditions result and these cell deposits are produced. It may be 
argued that the deposits produced in the cells may only be plastic material just 
like starch and are not produced as a result of patholocical condition. This 
appear unlikely as no such production of deposits occurs in cotton plants that 
grow normally and open well. They should also disappear when the bolls 
mature, but this does not happen. The ceUs contain them even after the plants 
have produced bolls. 

* After this paper was pent for publication, the presence of the organism both 

inside the seed and the plant is definitely established It is also established that the 
complex cell deposits in the roots and stems are produced by the organism. A paper 
embodying these results and clarifying many points mentioned in this paper will soon 
be offered for publication. 
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These complex deposits remain in the cells as they are not translocated and 
also block up the normal channels of conduction. 

The decomposition of chloroplasts in healthy leaves means a cessation of 
photosynthetic activity. The chloroplasts are the most important bodies in the 
life of a plant, as they are seats of all S 3 mthetic processes by which the food of the 
plant is manufactured. If they are gradually decomposed as the plant gro-ws, 
less accumulation of food for the reproductive phase results. 

In a normal plant aU food, carbohydrates and proteins, which is manufac- 
tured by the leaves, is stored up in the storage tissues of the stems and roots. This 
accumulated food travels upwards in solution during the fruiting stage and is 
ultimately deposited in the seeds. The abnormal features in the roots and stems 
of the cotton plant described above do not permit of the translocation to the 
developing bolls of the food stored in these organs. The starch is also not hydro- 
lysed and so cannot travel upwards. Most of it is used for the formation of 
complex deposits and so it is lost to the plant. Proteins are also precipitated and 
so are not available. Naturally those bolls which do not get proper nourishment 
do not develop well, its seeds remain empty and small and the Imt has neither the 
required length nor strength. Whether a boll will open well or badly, depends 
upon the flow of nourishment to it. The number of well-opened bolls on a ‘ dis- 
eased ’ cotton plant vidU, therefore, depend on the time when the disease starts. 
If the trouble starts early in the season the whole plant fa.i1« badly. 

The very wide variations in the yields of seed cotton from fifteen or tw, nty 
maunds to four or even two maunds per acre that are obtained in the Punjab on 
good soils and even in the same fields may now be more clearly understood than 
before on the basis of this internal trouble. These variations depend on the 
time of the incidence and the intensity of the ‘ disease ’. It is also likely that 
other conditions of the soil and climate may have some effect on the intensity of 
the disease and time of its appearance in the plant. This will be investigated 
now. 

Red'leaf disease 

The reddening of the leaves of American cottons was first reported by Butler 
[1908] and then by Burt and Nizamuddin [1919]. Since then the term Red-leaf 
disease has come into use. In view of what is stated above, the reddening of the 
leaf is due to secondary changes in the leaf after it has ceased functioning. The 
reddening may occur at the normal cessation of the functional activity of the 
leaves. The premature reddening of the leaves is caused by the premature death 
of the leaves and for this reason such reddening of the leaves may be regarded as 
the external symptom of the internal disease. But it is also noticed that redden- 
ing of the leaves may not occur at aU even though the plant is diseased and opens 
badly. Innumerable American cotton plants which have green leaves but which 
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are diseased and haTe opened badly bave been observed. Reddening of the leaves 
should not be regarded as a true indicator of the internal trouble, A plant with 
reddened leaves may open better than a plant with green leaves if the reddening 
is of the normal character. The term Red-leaf disease in connection with the 
'disease ’ under investigation should now be discontinued. In indigenous cottons, 
the reddening of the leaves does not occur in any marked degree even though the 
same trouble exists there. 

It is clear from the results of these investigations that the abnormalities des- 
cribed above are not confined to the exotic cottons but are foimfl in indigenous 
cottons as well. As no bad opening is noticed in indigenous cottons, one might 
be led to infer that these abnormalities are not the cause of the bad opening in 
American cottons. In the case of desi cottons the trouble starts later in the season 
and conduction of food substances is not as much impeded as in the case of 
American cottons. No accumulation of starch in the plant is, therefore, noticed in 
the former. As sufficient nourishment is available for the remaining bolls, no bad 
opening occurs. In the case of American cottons sufficient nourishment is not 
available for all the bolls that remain on the plant and bad opening takes place, 
its extent depending on the time of incidence and intensity of the disease. It 
may be regarded as a fortunate occurrence that American cottons showed these 
external symptoms of premature reddening of the leaves and bad opening of the 
bolls, otherwise this internal trouble would have been left still undiscovered. 

Conclusions 

It is safe to conclude that these abnormalities in the American cotton are 
the cause of the bad opening of the bolls through want of nourishment. Though 
bad opening of bolls occurs in a greater or less degree in different years, the bad 
opening of bolls is always present. The cotton crop in the Punjab in the present 
season is reported to be normal but there is not a single field, as far as has been 
observed, which is free from plants showing bad opening of the bolls. In some 
fields the proportion of badly-opened bolls is very high and includes the whole 
crop ; m others it is low. 

These badly-opened plants in most cases are neither small nor undersized so 
far as their vegetative growth is concerned and, therefore, the question of the 
deficiency of nitrogen in the soil does not arise. It is also noticed that a very small 
plant much below normal has very well-opened bolls if it is not diseased, while a 
tall and vigorous plant may have all its bolls badly-opened. Bolls smaller in 
size than the average, have been observed to open well if the proper nourishment 
is available, whereas large bolls in ' diseased ’ plants crack and open badly. 

The yield of seed cotton in American and indigenous cottons is less than it 
would be if these abnormalities of the leaves and roots did not exist. It is possible 
that the low yields in India as compared to other countries may be partly due to 
this internal trouble. 
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Summary 

Micro-eliemioal study of American cottons grown in the Punjab and other 
places in India has revealed some very abnormal features, not noticed before. 

Disintegration of the chloroplasts, in green and healthy-looking leaves first 
begins to occur. The time when it first begins appears to vary from plant to 
plant. This is followed by an accumulation of starch in the mesophyll cells. These 
cells also suffer elongation in different planes and this gives rise to crumpling, 
curling and thickening of the leaves. Later, the cells become filled with yellowish 
deposits which give reactions of tannins, fats and proteins. Development of 
anthocyanins and anthoxanthins occur in the epidermal cells and produces 
reddening of the leaves. 

In the cortex of the roots small, yellow masses first appear. Each yellow mass 
contains minute bodies which exhibit rapid brownian movement. Such minute 
bodies have also been noticed in the cotyledons of the seed and the foliage leaves. 
These bodies aggregate in the cortical, phloem and other conducting parenchy- 
matous cells and first form small or large colonies which later lose their granular 
appearance, and become semidiquid in nature. These bodies react with 
the starch grains in the cells of the cortex, pith medullary rays and xylem 
parenchyma and ultimately form complex deposits of substances which give the 
reactions of proteins, fats and tannins. Such deposits are produced in all the 
cells, except the xylem vessels of the roots, stems and branches. 

Micro-organisms in the form of bacteria have been cultured from either the 
leaf, stem, root and the embryo of the seed of the plant. They are different from 
the organism that causes the Black-arm disease of cotton. 

These ahnormalities are found in more than fifty different strains of cottons, 
exotic or indigenous so far examined. There are also a few strams which are free 
of them. 

In well-opened American plants the ahnormalities m the roots and stems 
are absent. 

It is tentatively put forward that the presence of the micro-organism, in some 
stage in its life-cycle, is responsible for the destruction of the chloroplasts and 
consequent inhibition of the food-manufacturing processes of the plant. What- 
ever food that is stored in the roots and stems of the plant durhig its vegetative 
period, is mostly used in the formation of the complex deposits in the storage and 
conducting tissues and the remaining portion is not able to translocate rapidly 
to the developing boUs in the fruiting stage on account of the blocking up of the 
conducting elements by the same deposits. The bolls thus suffer want of nourish- 
ment, crack prematurely and contain immature seeds with poor lint. The number 
of well-opened bolls on the plant and consequently its yield depend on the time 
the * trouble ’ starts and its intensity. > 
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I. lOTRODTJCTIOlSr 

The classification of paddy on grain dimensions has engaged the attention 

of Yanons workers in recent years. Beale [1927] and Sethi [IgSO] fonnd that 

f^r influenced by environment, and they there 

fore based their system of dasfction on the grain dimensions. Ip ad^op 
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MVfitOPMENTAL YARiATION IN m $9l 

to the advantage of the stability of the grain dimensions classification based on 
these corresponds largely with commercial grading. Eecently Ramiah [1933] 
found that grain size is to some extent affected by seasonal variations. 

The dimensional characters of the grain have also been utilised in determining 
the purity of strains, as according to Ramiah [1933] these do not vary to any 
appreciable extent within a pure line. This is not in accordance with the state- 
ments of van der Stok [1912], who found that even within a pure line size and 
weight of the grains depend upon the size of the panicle and the fertility of the 
soil. Although the variations' which occur will never be of sufficient magnitude 
to invalidate a system of classification based thereon, there has not hitherto 
appeared any reliable study of the magnitude of these variations and of the degree 
of variability which may be expected under different conditions. Further, in 
the study of the inharitence of grain-size characters a knowledge of how grain 
dimensions may vary in a non-inherited manner is desirable. 

II. Method of grain measurement 

The measurement of grains by a screw gauge is a tedious and clumsy method. 
Throughout this investigation all measurements have been made with a special 
seed-measuring apparatus supplied by Messrs. Gallenkamp & Co., Ltd., London. 
This instrument is graduated in centimeters and millimeters and reads direct on 
a dial to 0*1 mm. and by estimation to 0*05 mm. When suitably held in a retort- 
stand clamp it is possible to carry out measurements accurately and rapidly. 
Unless the statistical examination of the results requires it, the individual readings 
are not written down. When a frequency distribution suffices, a series of small 
beakers each marked with its appropriate class interval is arranged on the bench 
and as each grain is measured it is put into the appropriate beaker. When Ihe 
required number of grains has been measured the number in each beaker gives 
the frequencies in each class. 

III. Size oe sample 

Ramiah differs in opinion from Lord [1929] as regards the size of sample 
required to give a reliable result. The latter concluded that a miniTunm of twenty 
grains was necessary, while Ramiah who has restricted his measurement of the 
sample to the top and middle portion of the panicle has found a six-grain sample 
satisfactory for inheritance studies. But in the present investigation it has been 
found that to be representative a random sample must consist of at least 100 
grains. 

Five hundred grains of the pure line Kabaing Taungdeikpan B 30-104 were 
taken at random and measured and means, standard deviations, etc., for grain 
length were determined separately for different sizes of sample. The results are 
gjven in Table I. 

33 a 
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Table I 

(a) Twenty-five-grain sample 


No. 

Mean 

(mm.) 

S. K 
of 

mean 

Variance 

of 

mean 

! S. E. of 
mean 
of all 
sam- 
ples 

Degrees 

of 

free- 

dom 

Sum 

of 

squares 

Mean 

square 

i loge 

(mean 

square) 

■ ■'■1' 

8-520 

0-049929 

0-0024928 


24 

1-4360 

0-05983 

0-8945 

2 

8-576 

0-070000 

0-0049000 


24 

2*8224 

0-11760 

1-2323 

3 

8-584 

0-064949 

0-0042183 


24 

2-4298 

0-10124 

1-1574 

4 

8-536 

0-068520 

0*0046950 


24 

2-7043 

0-11268 

1-2110 

5 

8-592 

0-053647 

0-0028780 






6 

8-424 

0-101370 

0-0102760 






7 

8-682 

0-062724 

0-0039345 






8 

8-636 

0-092384 

0-0085360 






9 

8*560 

0-067840 

0-0046023 

0-07287 





10 

8-584 

0-069630 

0-0048484 






11 

8-360 

0-079968 

0-0063948 






12 

8*432 

0-058464 

0-0034070 






13 

8-552 

0-070876 

0-0060234 






14 

8-400 

0-060883 

0-0037068 






15 

8-480 

0-076630 

0-0058721 






16 

8*528 

0-082240 

0-0067634 






17 

8-536 

0-072160 

0-0062071 






18 

8-504 

0-079260 

0-0062820 






19 

8-604 

0-067960 

0-0046185 






' 20 

8-456 

0-047300 

0-0022373 



1 
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(6) Fifty-grain sample 


No. 

Mean 

(mm.) 

S. E. 
of 

mean 

Variance 

of 

mean 

S. E. of 
mean 
of all 
sam- 
ples 

Degrees 

of 

free- 

dom 

Sum 

of 

squares 

Mean 

square 

i Eoge 
(mean 
square) 

1 

8-548 

0*042883 

0-0018389 


49 

4*4153 

0*09011 

1*0993 

9 

8*560 

0*047637 

0*0022693 


49 

5*4487 

0* 10982 

1*1981 

3 

8*412 

0*050384 

0-0025389 


49 

6*0961 

0*12441 

1-2688 

4 

8*540 

0-056635 

0*0030953 

0-061046 

49 

7*4320 

0*15167 

1-3696 

5 

8*582 

0-048638 

0*0023656 j 






6 

8*386 

0-061330 

0*0026346 i 




1 


7 

8*476 

0-047434 

0*0022499 1 






8 

8*504 

0-064601 

0*0026570 






9 

8*520 

0-045679 

0*0020774 






10 

8*480 

0-041536 

0*0017252 





. 


(c) Hundred-grain sample 


No. 

Mean 

(mm.) 

S. E. 

of 

mean 

Variance 

of 

mean 

S. E. of 
mean 
of all 
sam- 
ples 

Degrees 

of 

free- 

dom 

Sum 

of 

squares 

Mean 

square 

iLoge 

(mean 

square) 

1 

8*554 

0*030580 

0*0009351 


99 

9*1630 

0-09255 

1*1147 

2 

8*526 

0*040920 

0*0016744 


99 

16*4110 

0*16577 

1*4^41 

3 

8*484 

0*035482 

0*0012589 

0-039582 

' 99 

j 

12*0590 

0*12180 

1*2500 

4 

8*490 

0*036134 

0*0013056 


1 99 

12*7930 

0*12926 

1*2785 

5 

8*500 

0*033060 

0*0010930 







8*510 

0*016055 

0*0002578 


499 

64*4200 

0*12909 

1*2791 


Mean of 500 grains . . . • . . . . * ^S’510 

Standard error of mean * * . . . • . . =0*016055 

Variance of mean . • * , > • . . . =0*0002678 
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From the above tables it can be seen that in many cases of the twenty-five 
grain and fifty-grain samples the differences of the means are statistically 
significant but in the hundred-grain samples no two means differ from each other 
with certainty. Further, the general mean of 500 grains being 8*510 mm. and 
the S. E, 0*016, a representative sample should have a mean lying between the 
limits 8*478 and 8*542 mm. Out of twenty twenty- five grain samples twelve 
have means outside these limits ; out of ten fifty-grains samples seven have 
their means outside these limits, but only in one case is a hundred-grain sample 
outside the limits. On these grounds it is considered that a sample of 
hundred grains can always be relied on to give a representative reading and were 
it not for practical difficulties larger samples would appear desirable. 

The extent of variability is an important character in grain, because unifor- 
mity in grain size conduces to lower breakage in milling and a smaller portion of 
unhuUed grains passing the huller. When the variability between the first four 
samples of each size in Table I is compared, it is seen that although variability 
does not differ significantly between samples of the same size, yet they differ in 
two cases between samples of one size and another. 


Table II 


Values of 8. D, of z* 


{a) Within the groups 



Within 25-grain 
sample ' 

Within 50 -grain 
sample 

Within 100-grain 
sample 

■ . 

n 

0-2040 

0*1428 

0-1005 

. /T 

V — • . 

n ' 

0-4080 

0-2856 

0-2010 


* The validity of distribution pf for the . comparison of several groups is here 
apumed to be for a random sample from a homogenous population. 
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(6) Between the groups 


Between 

1st 

and 

2nd 

groups 


Between Between 


1st 

and 

3rd 

groups 


2nd 

and 

3rd 

groups 


Between 

total 

and 

first 

group 


Between 

total 

and 

second 

group 


V- 


1 




0*1701 


0*1577 


0*1235 


0*3522 


0*3154 0*2470 


0*2952 


0*2116 


0* 15556 


IV. Variation within a panicle 


Six panicles of the same plant of the pure line Ngasein 02104 were roughly 
divided into three parts of equal lengths and the frequency distributions of the 
grain lengths for each part, top, middle and bottom, are given in Table III. 


Table HI 


Frequency distributions of portions of panicles of Ngasein 2104 


Classes 


Unfilled grains 


Between 

total 

and 

third 


group 


0*1476 


0*1058 


0*07778 


Panicle 
No. (fl) 

T M B 

3 3 14 


Panicle 
No. (5) 

T M B 


Panicle 
No. (c) 


Panicle 
No. id) 

T M B 


Panicle 
No. (a) 

T M B 


Panicle 
No. (/) 
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The results are summarised in Table IV and the values of t and P [Fisher, 
1925] are ^iven in Table V . 

Table IV 

Ngasein 2104 grain lengths of top, middle and bottom portions of panicles 



(a) 

{b) 

(C) 

{d) 

(fi) 

if) 

Mean 

Top 

* 

8*454 

8-579 

8*557 

8*418 

8*545 

8*600 

8-526 

Middle . 


8*267 

' 8-406 

8’ 435 

8*307 

8*547 

8*657 

8-436 

Bottom 

• 

8*208 

8-414 

8*391 

8*336 

8*502 

8*365 

8-369 


Table V 

Ngasein 2104, values of t and P for differences of means 


Values 

1 

Top and middle 

1 i 

i 

Top and bottom 

I Middle and bottom 

- ,r, 

t 

1*4980 , 

1 

3*4438 

1*0252 

P 

1 

j 

More than 0*1 i 

Less than 0*01 

More than 0* 2 


There is a significant difference in grain lengths between the top and bottom 
portions. Though the means in other cases do not differ significantly, it appears 
probable that a relationship exists between position on the panicle and the length 
of the grains, as the latter decreases towards the base of the panicle. 

It has been stated by Ramiah and Parthasarathi [1933] and by van der Stok 
[1912] that the lower portion of the panicle bears a higher proportion of empty 
grains and this has been confirmed. The latter also states that the mean grain 
weight decreases downwards on the panicle and this has also been confirmed as 
the results given in Table VI show. 
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Table VI 

10 X mean weight of grains in grams from different portions of six panicles y Ngasein 

2104 



(a) 

(b) 

{«) 

id) 

(e) 

■ 

if) 

Mean 

Top 

2*8006 

2*8120 

1 

2*7154 

2*6862 

2-6792 

i 

1 2*7675 

2*7434 

Middle . 

2-6507 1 

2*6628 

2*6943 

2*6286 

2- 6670 

2*7046 

2*6663 

Bottom 

2*5472 i 

1 

2*5738 

2*5943 

2*5985 

2-5790 

2*5790 

2*5786, 


The values of t and P obtained are given in Table VII. 


Table VII 
Values of t and P 


Values 

Top and middle 

j Top and bottom 

Middle and bottom 


2*9050 

6*6359 

6*3736 

P 

Between 0*02-0.01 

Less than 0*01 

Less than 0*01 


V. Variation between panicles of one plant 

Four plants of two local varieties, Ngasein 2104 and Theihpan Taungdeikpan 
planted at one ft. X one ft. spacing were chosen at random and the panicles were 
threshed separately, the grains counted and their lengths measured. The number 
of panicles in each plant, being dependent on the cultural conditions, varies great- 
ly. Means* and variance of means were calculated from individual grains separa- 
tely for each panicle and for each plant and are given in Tables VIII to XIII. 

* The method of analysis by compartments has been used in this chapter. The 
calculations of S. E. and variance ot means were done separately for individual panicle 
and individual plants from individual grains. 


Nga^ein 2104, mean grain lengths of separate panicles, memi varmices and standard error 
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Table IX 


Ngasein 2104, mean grain lengths of separate plants 


Plant 

No. 

Mean 

mm. 

S. E. of 
mean 

Variance 
of mean 

Kemarks 

1 

8^4375 

0*01346 

0-0001810 

Any panicle mean outside tlie limits 
8*4106 and 8*4644 shows significant 
aberration. 

2 

8-4394 

0*00790 

0*0000624 

Any panicle mean outside the limits 
8 * 4236 and 8 * 4443 shows significant 
aberration. 

3 

8*3640 

0*01226 

0*0001604 

Any panicle mean outside the limits 
8*3295 and 8* 3785 shows significant 
aberration. 

4 

8*5384 

0-00995 

0*0000991 

Any panicle mean outside the- limits 
8*5181 and 8*5579 shows significant 
aberration. 

Total of 
four 
plants 

8*4424 

0*012817 


Any plant mean outside the limits 
8*4168 and 8*4680 shows significant 
aberration. 


Table X 


Ngasein 2104, mean difference and 8. E. differences are given in mm. 


Ngasein 2704 

plant No. 2 | 

1 

1 

Plant No. 3 

Plant No. 4 

Plant No. !• 

0.0019±0-0016602 

0-0835 ±0-018204 

0-1009 ±0-016736 

Plant ISTo. 2. 


0-0864±0-014690 

0-0990±0-012710~ 

Plant No. 3 . 



0-1844 ±0- 016790 


Tbeikpan Taungdeikpan, mean grain lengths of separate panicles^ mean variances and standard error 
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Theikpan Taungdeikpan, mean grain length of separate plants 


Plant 

No. 

Mean 

(mm). 

S.E.of 1 
mean 

Variance of 
mean 

Remarks 

1 

8-7010 

0 008066 

0*0000649 ^ 

Any panicle mean outside the limits 

8 * 6849 and 8-7171 shows significant 
aberration. 

2' 

8-6499 

0-008013 

0* 0000642 

Any panicle mean outside tlie limits 
8*6339 and 8 * 6659 shows significant 
aberration. 

3 

8-6869 

0-007702 

0*0000593 ■ 

Any panicle mean outside the limits 
8*6704 and 8* 7014 shows significant 
aberration. 

4 

8*5976 

0*007243 

j 0-0000526 

Any panicle mean outside the limits 
8*5832 and 8* 6120 shows significant 
aberration. 

Total of 
four 
plants 

8-6586 

0-010304 


Any plant mean outside the limits 
8 *6380 and 8*6792 shows significant 
aberration. 


Table XIII 

Theikpan Taungdeikpaiij mean difference and 8, differences are given in mm. 


Theilcpan 

Taungdeilcpan 

Plant No. 2 

Plant No. 3 

Plant No. 4 

Plant No. 1 

Q-06114±0-0]1363 ' 

0*01508±0*011146 

0* 10337^0-010834 

Plant No. 2 


0*03605±0*01I110 

0*05224±0*010802 

Plant No. 3 



0-08829±0*010573 


From Tables VIII to XIII it appears that in both varieties the lengths of the 
grains of different panicles of one plant differ from one another significantly. 
In all cases more than half of the comparisons shown significant results. Be- 
tween panicles of different plants there are also, as would be expected, significant 
differences between means. Moreover when each of the panicles is compared 
with its respective plant mean they show in most cases significant differences and 
most of the means of the panicles lay outside the limits of their respective plant 
paeans,'' ■ ' 
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Comparisons between plants of the same class also show significant differences 
between the means. This holds good for both varieties and at both one ft. X one ft, 
and two ft. X two ft. spacings. This is shown in Tables XIV and XV. 


Table XIV 


Comparison of grain lengths of separate plants of Ngasein 2104 and Theikpan 
Taungdeikpan 2 /if. X 2 ft.) 


Plant 

No. 

Ngasein 

Theikpan Tanngdelkpan 

If 

S. B. of 
mean 

Variance 
of means 

S.E.dIff. 
of tfie mean 
of 4 plants 

Mean 

B. E. of Variance ' 

mean 1 of mean ^ 

B. E. diff. 
of the mean 
of 4 plants 

1 

8*428 

, 0*005576 

0.0000311 


8*609 

0*005323 0*0000283 


2 

8 '341 

0*006597 

0.0000534 

00 

8*474 

0*005462 1 0*0000:98 

00 

s 

S 

8*458 

0*006631 

0.0000440 

o 

o 

8*541 

0*006748 0*0000425 

s 

4 

8*516 

0*0063-48 

0,0000403 

■ i 

b 

8*593 

9*005069 1 0*0000257 

b 


Table XV 


Final results showing mean differences and corresponding S. E. differences 



Ngasein 2104 

Theikpan Tanngdeikpan 

2 

3 

4 

2 

3 

4 

1 

0'087±0* 00864 

0*030i:0*00866 

0*0S7±O* 00845 

0*185±0. 00762 

9*068i:0*00869 

0*016i;0* 00736 

2 


0 *117^0* 00935 

0*174±0*00915 


0*067±o* 00868 

0*119^0*00745 

o 

i 


0*057±0*00918 



0'052±0*00844 


VT. Difference in variability between different strains selected from 

TBE SAME OLASS 

Six strains of Ngasein (C class) and ten strains of Kabaing Taungdeihpan 
(B class) selected in 1929 from cultivators’ varieties and grown for the first time 
in 1930-31, were chosen for the experiment. From the measurements of length 
the analyses were done separately and are given in Tables XVI (a) and XVI (6), 






l>EVELOi'MEINTAL VARIATION IN THE RADbY GRAIN 409 


Table XVI (a) 

Variation of grain length o/Ngasein {six strains) 


Strain No. 

Degrees 

of 

freedom 

Sum 

of 

squares 

Mean 

square 

i Loge 
(mean 
square) 

1 

n 

i 

© 

499 j 

60*900 

0*1220 

1*2502 

0-002004 

30—25 . 

449 ' 

62*657 

0*1256 

1*2643 

0-002004 

30—26 . 

499 

1 100-350 

i 

0*2011 

1*4998 

0-002004 

30—27 . 

499 

i 63-857 

0*1280 

1*2741,' 

0-002004 

30—28 . 

499 

50-374 

0*1009 

M558 

0-002004 

30—31 . 

499 

62*990 

0*1262 

1*2703 

0-002004 


Standard deviation of z is 0*0447. 

Table XVI (6) 

Variation of grain length of Kabaing Taungdeih^an {ten strains) 


i 

1 

Strain No. | 

Decrees 

freedom 

Sum 

of 

squares 

Mean 

S(][uare 

i‘ I^oge 
(mean 
square) 

1 

n 

30—104 . 

499 

64*950 

0-13016 

1-2829 

0-002004 

30—105 . 

499 

74*808 

0*14992 

1*2829 

0*002004 

30 — 106 • • 

499 

68*652 

0* 13758 

1*4003 

0*002004 

30—107 . 

499 

79*176 

0*15867 

1*3831 

0-002004 

30--- 108 . . 

j 499 

i 

78*172 

0-16666 

1*3771 

0-002004 

30—113 . 

499 

67*290 

0-13486 

1*3007 

I 0-002004 

30—119 . 

499 

71*366 

0-14302 

1*3314 

0-002004 

o 

1 

o 

499 

71*366 

0-14302 

1*3314 

0-002004 

30^121 * 

499 

75*602 

0-16161 

1*3594 

0-002004 

30—123 V 

499 

1 

82* 092 

0-16461 

1*4340 

, 0-002004 


Standard deviation of « is 0*0447 
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Ngasein 30-26 is definitely different in variability from other grains, and 
Ngasein 30-28 gives a rather high value of 2 in comparison with the others. 
Except in one case the value of 2 fails to pass the required point of significance. 
In Taungdeikpan also the differences in variability are significant in several 
eases. Therefore variability is not constant even with one type or class. This 
type of variability is of importance because uniformity of grain size reduces 
breakage in milling. 

VII. Difference in variability between pure lines of different classes 

The sum of squares, mean squares, etc., of four plants each of Ngasein G2104 
and Theihpan Taungdeikpan (B class) grown at one ft. x one ft. spacing were 
calculated separately and are compared in Table XVII. 

Table XVII 


Variation of grain lengths in different classes of pure line paddies 


Plant ISTo. 

Degrees 

of 

freedom 

Sum 

of 

squares 

Mean 

squares 

ILoge 1 

' (mean 
square) 

1 

1 n 

C2104 Ngasein 1 

644 

74-236 

0*11527 

1-2224 

I 0*0015528 

2 

1390 

120-720 

0*08685 

1-0807 

I 0-0007194 

1 

3 

658 

65*308 

0* 09925 

1*1475 i 

0*0015198 

4 

767 

58*418 

0*07616 

1.-0152 

0*0013038 

Total 

3462 

337*970 

0*09762 

1*1392 

t 0-0002889 

Theikpan Taiing- 1 
deikpan. 

1585 

163*210 

0*10297 

1-1660 

0-0006309 

2 

1507 

146*040 

0*09691 

1-1355 

i 0-0006636 

3 

1817 

196*050 

0*10790 

1-1896 

0-0005604 

4 

1769 

154*330 

0*09289 

1-1144 

0-0005663 

Total 

6681 

681*220 

0.10196 

1-1610 

0*0001497 


Though the differences in variability between plants are large they cannot be 
judged significant on these data. The variability does not depend on the type of 
grain, any two types may or may not differ in variability. In Ngasein and 
Taungdeikpan the variability of one plant may differ significantly from the varia- 
bility of another plant of the same strain, while the two types as a whole do not 
differ significantly. The results are summarised in Table XVIII. In Table 
XVin significant variations axe italicised. 


Table XVIII 

Differences in variability, Ngasein and Taungdeikpan 
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From these data it appears that variability between plants can be held to be 
significant, but differences in variability between the two classes of paddy are not 
reliable. Variability may, therefore, agree between quite different classes of paddy 
and may differ between strains of the same class. Since variation in grain size 
will affect milling behaviour, it is important that in selection work the degree 
of variability to which a strain is liable should not be overlooked. 

VIII. Effect of spacing on grain size and variability 

The effect of spacing on the two varieties, Ngasein and TaungdeiJcpan, is shown 
in Tables XIX, XX, XXI and XXII. The means, variance of mean and standard 
errors were calculated separately for four plants of each variety at one ft. X one ft. 
and two ft. X two ft- spacings. 

Table XIX 

Ngasein, mean length differences and standard error [2 ft. x 2 ft. spacing and 
one ft. X one ft. spacing) 



Plant 

. Ngasein 2104 2 ft 

X 2 ft. 



No. 

1 2 

3 


Ngasein 1 ft. 

1 

0-010±0-0145 0'097±0-0U9 

0-020 ±0-0150 

0-077±0.0148 

X 1 ft. 

1 

2 

0-011±0-0096 0-098±0'0102 

0-019±0-0103 

0-076±0.0m 


3 

0-0H±0-01S4 0-013±0’0139 

0'104±0-OUO 

0 ‘159 ±0.0138 


4 

0-110±0-01U 0'197±0-0119 

0^080±0-0120 

0-023 ±0.0118 


Table XX 


Theikpan Taungdeikpan, mean length differences and S. E. {2 ft. X 2 ft. spacing 


and 1 ft. X 1 ft. spacing) 



Theikpan Taungdeikpan 2 ft. x 2 ft. 


Plaat 



No. 

1 

2 


1 A ; 

Theikpan 

1 

0^092±0.0097 

0^227 ±0-0097 

0-163 ±0-0105 

0‘111±0.0095 

Taungdeik' 
pan 1 ft. 

2 

0-041i±0.0096 

0*176.±0-0097 

0 • 112 ±0 ‘0104 

0-060±0.0094 

X 1ft, 

3 

0^077±0,0094 

0'212±0-0094 

0-145±0’0102 

\ 0‘096±0.0092 


4 

0*011 ±0.0090 

0-124 ±0-0091 

0-060± 0-0098 

0 -008^0.0088 





\ 
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Mean differences are correct to three places of decimals. Those printed in 
italics are significant* 

Table XXI 


Xgasein and Taungdeikpan, mean lengths, mean variances and standard; error for 
1 fLX 1 ft. and 2 ft. . x 2 ft. spacings 


Bi 

Ngasein 

TJmhpan Taungdeikpan 

Spacing 

1 ft. X 1 ft. 

2 ft. X 2 ft. . 

1 ft. X 1 ft. 

2ft. X 2ft. 

■i 

Mean . 

8-4424 

8-4355 

8-6686 

8-5542 

S. E. of mean 

±.005309 

±0-00329 

±0*004917 

±0-002899 

Variance of mean . 

0-00002818 

0*00001042 

0-00002417 

0-00000840 

M 0 an & S. E. ditier- 
ence 

0-0069 ±0-0062 

0-1044 ±0-0057 


Though the difference in grain length is not significant in the case of NgaS in 
the difference in mean length is highly significant in the case of Tlieihpan Taung- 
deikpan. The effect is in both cases for the grain lengths to decrease with wider 
spacing, while the number of grains and number of tillers per plant increases. 

The effect on the degree of yariablity is shown in Table XXII. 

Table XXII 


Ngasein and Theikpaii Taungdeikpan, differences in variability at 1 ft. x 1 ft. and 

2ft. X 2ft. spacings 


Variety 

Degrees 

of 

freedom 

Sum 

of 

' squares 

Mean 

squares 

i Loge 
(mean 
square) 

1 

n 

Ngasein 1 ft. x 1 ft. 

3462 

337*97 

0.09762 

1 1-1392 

, 0-0002889 

Ngasein 2ft. x 2 ft. 

7991 

635-92 

0.07958 

1-0371 

0-0001251 

Tlieihpan Taungdeihpan 

1 ft. X 1 ft. 

6681 

681-22 

0.10196 

1-1610 

0.0001497 

Theihpan Tatmgdeikpan 
2 ft. X 2 ft. 

1 

14451 

1756-70 

0.12166 

1-2490 

0-0000692 


For Ngascm I log differenco is 0’ 1021 and S. I). ors=0*01438 

For Taungieilcpan f loge difference is 0-0880 and S. D. of 2^=0*01045, 


35 a 
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In both yarieties the differences in variability are significant even within one 
variety, indicating that variability is easily affected by changes in spacing. 

IX. Effect of harvesting date on grain size 

There being no sharp indication of when paddy has reached a degree of ripe- 
ness most sntable for harvesting, there is in practice a great deal of uncertainty. 
It has been the practice in this laboratory to estimate life-period as the number 
of days from sowing to flowering phis thirty days, but this arbitrary period of 
thirty days for the grain filling and ripening period after flowering is in many 
cases too short. It holds for short-lived varieties of 150 days life-period or less, 
but is not correct for long-lived types. Further paddies of the same life-period 
often require different lengths of time from flowering to harvest. The exact stage 
at which paddy is reaped is held, with good reason, to affect its milling and quality, 
and the optimum stage is not the same for all. For instance, Taungdeilcpan is 
usually reaped while distinctly unripe, whereas Ngasein is allowed to stand until 
dead ripe. 

In 1931-32 Ngasein 2104 was harvested at different dates after flowering and 
measurements of length and breadth were made. The figures are shown in Tables 
XXIII and XXIV. 


Table XXIII 


Kgasein 2104, length of grain in mm. after harvesting on different dates 


Harvesting dates 

32 days 
after 
flowering 
11th Dee. 
1931 

36 days 
after 
flowering 
15th Dec. 
1931 

40 days 
aftor 
flowering 
19th Deo. 
1931 

44 days 
after 
flowering 
23rd Dec. 
1931 

48 days 
after 
flowering 
27th Dec. 
1931 

Standard deviation , 

■ 

0-28448 

0-26418 

0*28272 

0-33564 

0-31992 

Mean ♦ . . . 

8-6004 

8-6132 

8*5588 

8-6300 

8-6368 

S. E- of S. D. . 

0-008996 

0-008364 

0*008941 

0-010614 

0-010116 

S. E^ofmean . 

0-012722 

0-011817 

0*012643 

1 

0- oisoioj 

0-014307 
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Table XXIV 


Ngasein 2104, breadih of grain in mm. after harvesting on different dates 


Harvesting dates 

lltb. Dec. 
1931 

I 16th Dec. ^ 
1931 1 

i , , 

lOth Dec. 
1931 

23rd Dec. 
.1931 

27tli Dec. 
1931 

Standard deviation 

■ 0*11098 

0*12590 

0*11826 

0-13169 

0-12236 

Mean 

3*4532 

3*4160 

1 3-4010 

3*3908 

3*4132 

S/E. ofS.D, . 

,0*003509 

0-003981 

0*003740 

0*004164 

0*003869 

S. E. of mean . 

0*004961 

0*005631 

0*005289 

i 

0*005889 

0*005472 


Table XXV 

Ngasein 2104, mean differences and, S. E.for length of grain when harvested on 

different dates 


Harvest- 

ing 

. dates 

15th Deo. 1931 

19th Dec. 1931 

23rd Dee. 1931 

27th Dec. 1931 

11th Dec. 
1931 

j 

0-0128 ±0-017362 j 

0 ‘om±o-onm 

0-0t0i±0-019G11 

0'06S0±0‘019U5 

15th Dec. 
1931 

1 

0-05U±0-017305 

0‘0S32±o^0idm 

0-0764'±0*01S56o 

19th Dec. 
1931 



0*02S8±0-01.9625 

0*0220±0*019094 

23rd Dec. 
1931 




0*0068±0*020736 


Those printed in italics are significant. 
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Table XXVI 


Ngasein 2104, mean differences and S. Effor breadth of grain when harvested on different 

dates 


Harvest- 

ing 

dates 

15tli Dec. 1931 

19th Dec. 1931 

1 23rd Deo. 1931 

27th Dec. 1931 

! 

nth .Dec. 
1931 

0 - OS 72 ± 0 ’ 00750 S 

0 ' 0522 ± 0 - 0072 M 

0 ■ 0624 ± 0- 007701 

0-0400 ± 0-00738 

15th Dec. 
1931 

19th Dee. 

.1931 

23rd Dec. 
1931 

( 


0-0150 ±0.007720 

0 - 02 - 52 ± 0 - 00 S 149 

0-0102±0-007912 

0-0028±0-007849 

0-0122±0 -007603 

0 - 0224 , ± 0-008037 


Those printed in italics are significant. 

The measurements were done several months after harvest when the samples 
had reached the same stage of air-dryness. Prom the tables it will be seen that 
both dimensions have varied significantly in most cases. The tendency is for 
later harvesting to produce shorter and narrower grains. 

When the effect of harvesting date on the degree of variability was measured, 
though some significant differences occurred, no general tendency could be dis- 
covered and it seems probable that the variations were due to chance. 

X. Effect of season on grain weights 

The data were obtained from the Permanent Manurial Experiment on the 
Mandalay Agricultural College Farm. The details of the lay-out have been re- 
ported in the Annual Reports of the Agricultural College Farm, Mandjalay, from 
1927 onwards. Briefly there are seventy-four plots of 0‘1 acre of which ' thirty- 
eight are untreated. Each treatment has been repeated four times and there is 
an un-treated plot between each pair of treated plots. The variety is JVgasein 
2104. The treatments are : — 

{a) Lime, 5 cwt. calcium oxide per acre every four years. Second 
application in 1930. 

(6) Sodium nitrate, 40 lbs. nigtrogen per acre. 

(c) Ammonium sulphate, 40 lbs. nitrogen per acre. 

{d) Superphosphate, 40 lbs. phosphoric acid per acre. 

(e) Bone-meal, 40 lbs. phosphoric acid per acre. 

(i/^) Potassium sulphate, 40 lbs. potassium oxide per acre. 

{g) Ammonium sulphate, 40 lbs. nitrogen per acre ; superphosphate, 40 lbs. 
phosphoric acid per acre. ' * 

(h) Ammonium sulphate, 40 lbs. nitrogen ; superphosphate, 40 lbs phos- 
phoric acid; potassium sulphate, 40 lbs. potassium oxide per acre 
(») Farmyard manure, 40 lbs. nitrogen per acre. 
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Maniires are applied shortly before transplanting. The bone-meal used has 
been a very coarse grade hithei’to,. 

Weights of hundred grains from each plot -were taken in the seasons 1929-30, 
1930-31 and 1931-32. Ail the thirty-eight controls were not treated separately 
but instead eighteen means were used, these being arrived at for each year by first 
taking the means of two adjacent controls lying on opposite sides of treated plots 
and then taking means of the two adjacent means of controls of the two rows, 
the experiment being laid out in two blocks of two replications each with an irriga- 
tion distributory running between. 

Table XXVII 

Permcbnent Manurial Series (tveigM of 100 grains of 'paddy of pooled means of controls) 
ScTialNo. 1929-30 ! 1930-31 1931-32 Total 


14 2-932 2*840 

16 2-916 2*868 

16 2*867 2*863 

17 2*878 2*880 


2*947 

2*994 

2*921 

2*924 

2*966 

2*943 

2*911 

2*918 

2*943 

2*948 

2*928 

2*948 

2*890 


2*865 

2*928 

2*953 

2*920 

2*930 

2*903 

2*883 

2*933 

2*910 

2*900 

2*937 

2*923 

2*870 


2*945 

2*925 

2*936 

2*959 

2*956 

2*962 

2*977 

2*980 

2*978 

2*960 

2*928 


2*907 


8*757 

8*847 

8*810 

8*803 

8*851 

8*808 

8*771 

8*831 

8*831 

8*808 
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Table XXVIII 
Analysis of variance 


Due to 

Degrees 

of 

freedom 

Sum 

of 

squares 

i Mean 
squares 

i Loge 

(mean 

Square) 

Remarks 

Years . . 

2 

0’0421 : 

0*021050 j 

3-7390 

Significant 

Beplications . 

17 

0-0110 

0-000647 i 

2-0850 


Residual 

34 

0-0330 

0*000970 

2-1844 


Total 

53 

0*0861 

One per 

cent poini 

b is 0-8423 


The analysis of variance shows that seasonal effect on the weight is significant* 
The S. E. for the total of eighteen means being 0*132 the difference between 
any two years is significant. Of the three years, 1931-32 has given the heaviest 
grains and 1930-31 the lightest. 


XT. Effect of season on grain length 

Figures for the seasonal variation in grain length are available only for 
Theilcpan Taungdeihpan for the years 1930, 1931 and 1933. The grains were 
taken from increase plots planted two ft. X one ft. and receiving the same treat- 
ments. The figures are shown in Tables XXIX and XXX. 

Table XXIX 


Theikpan Taungdeikpan, seasonal variation in grain length {mm,) 


Year 

1930-31 

1931-32 

1933-34 

Mean . . . . 


8*6008 

miBo 

8-7530, ' 

S. E. of mean 

• 

0- 018090 

±0-017039 

'■ ±0-022175',;;'. 
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Table XXX 

Theikpan Tanngdeikpan, mean length differences and 8, E, of differences 


1 

„ . . Year- 

1 

I Difference from 


Means (mm.) 

1931-32 

1933-34 

1930-31 . 

8-6008 

0-1172±0-0227 

0-1522 ±0-02S6 

1931-32 . . . : 

i 

8-7180 


0-0350 ±0-0280 


Those printed in italics are significant. 

The difference between the means of 1933 and 1931 are not reliable, but in 
1931 the length was definitely greater than in 1930, and also 1933 is significantly 
longer than in 1930. This agrees with the data for Ngasein grain weights. 

Differences in degree of variability from year to year in grain lengths were not 
found to be significant and only in one case did variability in grain lengths show 
a reliable difference. 

XII. Effect oe mantjbe on geain weight 
(a) Paddy 

The weights of one hundred grains were taken from each plot of the Permanent 
Manurial Series. The means of each pair of controls on opposite sides of treated 
plots were used for comparisons. The figures relate to the years 1929-30, 1930-31 
and 1931-32. 

Table XXXI 


Effect of manure on weight of paddy grains {grms,) 




Mean weight ( 100 
grains) 

Percentage 

increase 

1 

Treatment 

Year 

Treated 

Control 

or 

decrease 

Fisher’s t 

Dime ■ • . , . , 

1929-30 

2-9655 

2*9476 

+0*6073 

0-8476 


1930-31 1 

2-8650 

2-8825 

—0-6071 

0- 1225 


1931-32 

2*9823 

2-9474 

+ 1*1841 

1-6630 
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Table XXXI — {contd) 




Mean weight (100 
grains) 

Percentage 

increase 


Treatment 

Year 

Treated 

Control 

or 

decrease 

Fisher’s t 

Sodium nitrate . 

1929-30 

2-9327 

2-9610 

—0-9558 

0*9034 


1930-31 

2-9125 

2-9325 

—0-6820 

0-5123 


1931-32 

2-9866 

2*9484 

+ 1-2956 

1-9060 

Ammonium sulphate . 

1929-30 

2-9490 

2-9341 

+ 0-5078 

0-4327 


1930-31 

3-0075 

2-9375 

+ 2-3885 

1*6847 


1931-32 

3-0032 

2-9632 

+ 1-3499 

2-1760 

Superphosphate 

1929-30 

2-9402 

2-9065 

+ 1-1594 

0-9908 


1930-31 

2-9275 

2-8950 

+ 1-1226 

1-2460 


1931-32 

3-0022 

2-9746 

+0-9279 

1*0034 

Bone-meal 

1929-30 

2-9527 

2-9481 

+ 0-1560 

0*2046 


1930-31 

2*9575 

2-8850 

+ 2*5130 

1*8785 


1931-32 

2-9811 

2-9580 

+ 0-7809 

1 * 5860 

Potassium sulphate • 

1929-30 

2*9352 

2-9297 

+ 0-1877 

0-2091 


1930-31 

2*9025 

2-8850 

+0-4842 

0*7285 


.1931-32 

2-9795 

2-9677 j 

+ 0*3968 

0*3588 

Ammonium sulphate + super- 
phosphate 

1929-30 

2-9985 

2-8842 

+ 3*9630 

s^mo 


1930-31 

2-9600 

2-aS775 

+ 2*8671 

5^1120 


1931-32 

3-0469 

2-9869 

+ 2-0087 

2*2240 

Ammonium sulphate -f su- 
perphosphate + potassium 
sulphate 

1929-30 

3-0337 

2-8975 

+4*7006 

B-om 

1930-31 

2*990 

2*9062 

+2*8835 

2*1050 


1931-32 

3-0486 

2-9942 

I' + 1*8168 

3^2080 

Farmyard manure 

1929-30 

3*0162 

2 •9286 j 

1 +3*0547 

2*6120 


1930-31 

2*9325 

2-9087 1 

+ 1-1621 

0*6163 


1931-32 

3*0376 

: ; 2* 9976; 

+ 1-3344 

1*5770 


Five per cent value of f is 2’ 4470, 
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In no case have dressings of single fertilizers given significant results. Am- 
monium sulphate in combination with superphosphate has given significant in- 
creases of mean grain weight in 1929-30 and 1930-31 but just fails to show a 
reliable increase in 1931-32, although the actual weight in the third year was 
the highest. In that year the mean weight of the adjacent controls was also 
unusually high. It is considered that there is little doubt that this combination 
of fertilizers causes a true increase in mean grain weight. 

In the case of ammonium sulphate + superphosphate + potassium sulphate 
the increases are significant in 1929-30 and 1931-32. In 1930-31 inspite of an 
increase of 2*88 per cent the result is not reliable. There has been a decrease 
in the percentage increase in each suceeding year. This may be due to depletion 
of some nutrient other than those added in these fertilizers on account of the heavy 
yields of grain and straw from these plots, 

Farmyard manure has given a significant increase only in the first year and it 
seems doubtful whether this manure has any definite effect on grain weight, 

(6) Effect of manures on weight of hushed Hce . 

Husked rice (not polished) from the Permanent Manurial Series was compared 
in the same way as the paddy and the results are shown in Table XXXII» 

Table XXXII / . 7 


Effect of manure on weight of hushed rice (Ngasein 2104) 


Treatment 

Year 

Mean weight in grms, 
(100 grains) 

Percentage 

increase 

Fisher’s t 



Treated 

Control 

or 

decrease 


Lime * . * . 

1929-30 

2-2806 

2-2774 

+ 0*0136 

0-1873 


1930-31 

2*2750 

2*2750 

0 

0 

! 

1931-32 

f 

2*3683 

2*3625 ' 

+ 0*2455 I 

0*4544 

Sodium nitrate 

1929-30 

2*2570 

2*2724 

—0-6777 

1*1284 


1930-31 

2*3050 

2*3050 

0 

0 


1931-32 

2*3549 

2*3500 

+0-2085 

0*2896 
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Treatment 

Year 

Mean weight in gram 
(100 grains) ' 

Percentage 

increase 

Fisher’s t 


Treated 

Control 

or 

decrease 


Ammonium sulpliate 

1929-30 

2-2930 

2*2691 

-f 1*0533 

1*6250 


1930-31 

2*3600 

2*3137 

+2-0012 

3-2460 


1931-32 

2*3934 

2*3502 

+ 1*8381 

2*0820 

Superphosphate 

1929-30 

2*2962 

2*2596 

+ 1*6198 

2-92M 


1930-31 

2-3360 

2-2937 

+ 1*8006 

1-9640 


1931-32 

2*4045 

2*3679 

+ 1*5453 

1-8630 

Bone-meal . 

1929-30 

2-2732 

2*2675 

+ 0*2514 

0*2940 


1930-31 

2*3100 

2*3087 

+0*0563 

0*5308 


1931-32 

2*3610 

2*3679 

—0*2914 

0*4526 

Potassium sulphate 

1929-30 

2-2687 

2*2655 

+ 0*1413 

0*1646 


1930-31 

2*2850 

2*2775 

+0*3293 

0*4789 


1931-32 

2*3438 ' 

2*3538 

—0*4248 

0*9755 

Ammonium sulphate 4- super- 

1929-30 

2*3107 

2*2537 

+ 2*5292 

2- mo 

phosphate 

1930-31 

2*3450 

2*2875 

+ 2*5143 

2-7565 


1931-32 

2-4297 

2*3778 

+ 2*1827 

2-4705 

Ammonium sulphate + super- 

1929-30 

2*3725 

2*2622 

+4*8759 

5-G3t3 

phosphate -l-potassium sal' 
phdte 

1930-31 

2*3627 

2*3050 

+2*7115 

2-3635 


1931-32 

2*4106 

2*3870 

+ 0*9886 

1-6890 

Farmyard manure 

1929-50 

2-3282 

2-2789 

+2-1634 

1*55^ 


1930-31 

2-3160 

2-3812 

+ 1*2020 

1*0963 


1931-32 

2-4206 

2-3828 

+ 1-5864 

3-7 m 


IFive per ceat value of t is 2*4470» 
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Lime, sodium nitrate, bone-meal and superphosphate appear to be definitely 
without effect. Although ammonium sulphate and superphosphate fail to show 
significant responses, the increases are of a size to suggest a real effect. 
Ammonium sulphate and superphosphate together give a definite increase in 
weight in every year but when potassium sulphate is added the increase is signi- 
ficant only in one year. Farmyard manure gives a significant increase in only 
one year. 

(c) Effect of manures on the weight of polished rice 

The weighings, etc., for polished rice from the Permanent Manurial Experi- 
ment are given in Table XXXIII. 

Table XXXIII 

The effect of manure on weight of polished rice (Ngasein 2104) 


Treatments 


Mean weight in grms. 
(10 grains) 


Treated Control 


Percent- 

age 

increase 

or 

decrease 


Fisher’s t 


Lime .... 

1929- 30 

1930- 31 

2*144 

2*127 

2*127 

2*127 

+ 0*0799 

0 

1*060 

0 

Sodium nitrate . 

1929- 30 

1930- 31 

2-087 

2-150 

2*122 

2*154 

—1 • 6994 
—0-1773 

2-000 

0-397 

Ammonium sulphate . 

1929- 30 

1930- 31 

2-164 

2-210 

2*122 

2*156 

-f 1-9792 
-f-2-6046 

4*950 

4*972 

Superphosphate . 

1929- 30 

1930- 31 

2*140 

2*170 

2*109 

2*129 

+ 1*4698 I 
+ 1*9258 

1-750 

2*345 


Bone-meal 


Potassium sulphate 


Ammonium sulphate + su- 
perphosphate 


Ammonium sulphate + 
superphosphate + 
potassium sulphate 

Farmyard manure 


1929- 30 

1930- 31 


1929- 30 

1930- 31 


1929- 30 

1930- 31 

1929- 30 

1930- 31 

1929-30 

1930*31 


2*164 

2*207 

2*197 

2*212 


2*116 +2*2684 

2*144 +2*9385 4-SS8 

2*126 +3*3396 2*6B6 

2*162 +2*3127 2*311 

2*133 +1*9690 1*430 

2*137 +0*6083 0*552 


Five per cent value of « is 2*4470 
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Lime, g-uiperphosphate, bone-meal and potassium sulphate increased the 
polished rice weights but the effect is not definite, while sodium nitrate decreased 
the weight though the effect was negligible. Ammonium sulphate alone and in 
combination produced definite effects on the polished rice weight. The effect 
of eoinbiiied manures seemed to be additive. Farmyard manure failed to show a 
significant response in both years. 

For comparison between one treatment and another and between years, 
the following modified method of calculation was done for analysis of variance,^ 
The weights of one hundred grains for three years each of seventy four 
plots were obtained. Means of the controls on either side of the treated were then 
worked out, so that nine means for controls for each replication of each treat- 
ment were obtained. Means of nine means were then calculated for four 
replications. Hence there remained four controls and thirty-six manured giving 
a total of forty figures for each year, Le., ten treatments of four replications. 
The weighings are tabulated in Table XXXIV. 

^ Though the “ analysis of variance ” method is not strictly applicable to the present 
case, an effort has been made in these tables to separate the several items by the above 
method. 
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Analysis of variance for the year 1929-30 is gken in Table XXXV. 
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Table XXXV 


Analysis of variance {1929'S0) 


Dae to 

Degrees 

of 

freedom 

Sum 

of 

squares 

Mean 

square 

^Loge 

(mean 

square) 

Replication . . . • • 

Treatments 

Residual . - . • 

3 

0-018496 

0-006165 

4-3520 

9 

27 

0-063245 

0-038191 

0-007027 

0*001414 

4-4288 

3-6270 

Total 

39 

0-119932 




One per cent value ofz is 0*7631 
5 per cent value of z is 0’5427 
S. E. of mean of treatments is 0*0188 


Though it does not quite agree with the result obtained by the method of 
paired differences in comparing with the control, yet in most cases the results agree 
with the general expectation. Effective manures give significant differences over 

controls. 
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It is clear from the above that increase in weight is considerable and si^- 
ficant in cases of effective manures such as ammonium sulphate and 
phate. Potassium sulphate increases the weight but not significantly. The 
effect of combined manures appears to be roughly additive. 


Increase due to ammonium sulphate alone 
Increase due to superphosphate alone 


, =0-051 

. =0*042 


Sum • =0*093 


Increase due to ammonium siilxDhate and superphosphate 

together . . • 

Difference # — 0 * 007 


The analysis of variance for the year 1930-31 is given in Table XXXVII. 

Table XXXVII 

Analysis of variance for 1930-31 (weight of paddy) 


Due to 

Degrees 

of 

freedom 

Sum 

of 

squares 

Mean square 

i Logo 
(mean 
square) 

Replications 


0-013734 

0-004578 

4- 2146 



4-4674 

Treatments * 

9 

0-068320 

0-007691 


Residual 

27 

0-130851 

0-004846 

4-2430 

Total 

39 



0-212905 

-is-test fails 


S. E. of the mean of treatments =0.034799. 


Table XXXVHI 

Final results for 1930-31 {weight of paddy) 



30 INDIAN JOURNAL OF AGRICULTURAL SCIENCE [VI, II 

In tte year 1930-31 ammonium sulphate alone gave the largest increase 
while lime had a negative effect though not significant. 

The analysis of variance for the year 1931-32 is given in Table XXXIX. 

Table XXXIX 


Analysis of variance for 1931-32 {weight of paddy) 


Due to 

Degrees 

of 

freedom 

Sum 

of 

squares 

1 

Mean square 

(mean 

square) 

Replications 

3 

0-010740 

0-003580 

4-0917 

Treatments . . * - 

9 

0-033748 

0-003749 

4-1147 

Residual • . • • 

27 

0-029607 

0-001093 

3-4982 

Total 

39 

0-073995 

z-test pusses 
point 

5 per cent 


S. E. of mean of treatments is 0-0165287 
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The final results of 1931-32 agree closely with the results of 1929-30. Effective 
have a deMt. affect on the eights. Ammonim sulphate, supeiphos- 
phTte and potassium s^phate were mlditlve in effect 
te have about the same effect as the oombmed effect of the thr« manures, 

fTiguies for the three years were combined and statistical analysis was done 
bv the method of analysis of variance into parts. ... 

The analysis is given in Table XLI, and the final result for comparison is given 

in Table XLII. 




Amaym of variance. WeigM of paddy {three years combirmd) 


Due to 

Degrees 

of 

freedom 

Slim 

of 

squares 

Mean square 

i Loge 
(mean 
square) 

Value 

of 

z 

Years. 

. 

2 

0-072693 

0-036296 

6-2496 

1-7266 

Replication, 
Interaction be- 
tween year and 
replication 

31 

I- 

6J 

9 

0-062971 

! 



Treatment • 

. 

9 

0'2M676 

0-279640 

6-1192 

1-6962 

Residual 

• 

99 

0- 113184 

0-001143 

3-6230 


Total . 

119 

0-500423 





One per cent value of * for years is 0 * 7636 
One per cent value of z for treatments is 0 • 4604 
S. E. of mean of four plots (treatments) is 0'01868 
S. E. of total of twelve plots is 0* 1290 
8. E. of total of forty plots is 0-2363 
S. E. of total of ten plots is 0'1180 

Grain weight was highest in 1931-32 and lowest in 1930-31. The differences 
must be judged significant. 

Final result for comparison between the treatments in different years and 
between treatment totals for tteee yeaisls fiwen in Table XEUr 
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Of the manures tested ammonium sulphate and its combinations gave the 

heaviest grain. Superphosphate and Farmyard manure, the latter containing the 
combination of the three effective manures, gave considerable increases. Lime 
and potassium sulphate on the whole were not effective, while sodium nitrate and 
bone-meal gave effective response to a considerable extent. Ammonium sulphate 
and its combinations show significant increases over other manures such as lime, 
sodium nitrate and potassium sulphate. 

The weighings of husked rice are given in Table XLIII. 
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The analysis of variance is given in Table XLIV and final results for compari- 
son in Table XLV. 


Table XLIV 

Analysis of variance (Weight of hashed rice, 1929-BO) 


Due to 

Degrees 

of 

freedom 

Sum 

of 

squares 

Mean 

square 

i Loge 

Replications . . * • * 1 

3 

0-009427 

0-003142 


■ 

Treatments . * • * • 

9 

0-018860 

0-002095 

3-8238 

Residual . • • • • * 

27 

0-045085 

0-001669 

3-7100 

Total 

39 

0-073372 

2 : -test fails 


S. E. of mean of ti-eatments is O' 0204 


Table XLV 
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Over the control the eighth, ninth and tenth treatments gave significant in- 
creases. Ammonium sulphate, superphosphate and potassium sulphate did not 
produce a substantial effect separately, but iu combination a considerable response 
was obtained. Farmyard manure gave the second largest increase on the weight 
of husked rice. Sodium nitrate alone decreased the weight of husked rice. 

The analysis of variance for the year 1930-31 is given in Table XLVI, and the 
iSnal result is given in Table XLVII. 

Table XLVI 


Analysis ofmnanjcs^ WSO^Sl [weight of hmhel rice) 


Due to 

Degrees 

of 

freedom 

Sum 

of 

squares 

Mean square 

i Loge 

Replications 

3 

0-004335 

0*001445 


Treatment .... 

9 

0-036053 

0-004006 

4* 1479 

Residual 

27 

0-025493 

0-000944 

3*4250 

Total . 

39 

0-066881 

e-test passes 
point 

one per cent 


S. E. of moan of treatments is 0*0154 
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The value of z being significant, the result given above is reliable, while the 
result given in Table XLV, though taken into consideration, is not reliable 

Trom these results it is seen that, lime and potassium sulphate reduced the 
mean weight but not significantly, while ammonium sulphate, superphosphate 

fhpir eoinMiiatioiis show Sb definite increase. 

Analysis for the year 1931-32 is given in Table XLVIII, and the final resu 
in Table XLIX. 

rp.-oTTO XT.VTTT 


Analysis of variance, 1931-32 {weight of hushed rice) 


Due to 

Degrees 

of 

Sum 

of 

Mean square 

1 Loge 

freedom 

squares 



— 

3 

0-005875 

0-001986 


Replications 

9 

0- 003607 

4*0953 

0-032469 

Treatments . 



Residual 

27 

0-055273 

0-002047 

3*8121 

Total . 

39 

0-093617 

?-test fails 

— 


S. E. of mean of treatment is O’ 0226 


Table XLIX 

Final results for 1931-32 (weight of hushed rice) 


DEVELOPMENTAL VARIATION IN THE PADDY GRAIN 
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Effective manures gave definite increases in grain weight, while the effect of 
other manures were not significant. In both paddy and husked rice, comparison 
shows that the result of 1929-30 agrees with the result of 1931-32 though in both 
oases the z-tests failed. 

Analysis for the three years combined is given in Table L. 

Table L 


Analysis of variance {weight of hushed rice) {Three years combined) 


Due to 

Degrees 

of 

freedom 

Sum 

of 

squares 

Mean 

square 

i hoge 

' f 

Z ,■■■■■ r 

Years . . . . 


2 

0*176709 

0*088351 

3*3150 

2*3082 j 

" 'f 

Replications . 3 

1 





f 

Interaction be- 


9 

0*019637 




tween years and 







replication , 6 

j 






Treatments 


9 

0*139093 

0*015454 1 

2*5202 

1*5134 ■ 

Residual 


99 

0-074140 

0*000749 

1*0068 


Total 

119 

0*409579 





Five per cent value of z = 0*6486 (for years) | 

One per cent value of 2 : = 0*7636 ; 

Standard error of mean of four plots «= 0’ 01513 i 

Standard error of total of twelve plots s= 0* 10478 [ 

Standard error of total of ten plots s= 0*095665 1 

Standard error of total of forty plots =*0* 191311 | 

The jSnal result for comparison between years is given in Table LI. [ 

'■'■■■I 

Table LI - ■ ■ . ^ . t 


Year 

1929-30 

1930-31 

1931-32 

S. E. 


Total of 40 means 

91*789 

92*763 

95*421 

0*191311 



There has been an increase in total husked rice weight from 1929-30 onwards 
and all difference must be judged significant. This does not coincide with the 
results for paddy weight. 


The final result for comparison between treatments of different years and 
between treatment totals for three years is given in Table LII. 






Tablb LII 

CmtiUmd final remit for three years {husked nee weight) 



ULinri" 
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The difference between the same treatment in different years is in most cases 
significant, especially between the first year and the third year of the experiment. 

Comparing the totals ammonium sulphate, superphosphate, their combina- 
tions and farmyard manure gave effective responses, while the others did not. 

XIII. Effect of manure on the size of grain 
The data for calculation were obtained from the Permanent Manurial Experi- 
ment. The measurements are the means of 100 grains. 

The results (for one year only, 1931-32) are shown in Tables LV, LVI, LVII 


and LVIII. 


Table LV 


Length of paddy grains in mm, Ngasein, 2104 


Treatment 


Control 

Lime 

Control 


Mean length 
of paddy 
o:rain in mm* 


Percentage 
increase or 
decrease 


8 '3448 
8*3481 
8' 3210 


+ 0*03955 


+ 0*31370 


Fisher^s t 


0*12378 


1*26840 


Sodium nitrate 
Control . • 

Ammonium sulphate 
Control . 

Superphosphate 

Control . . • 

Bone-meal 


8*3471 

8*3155 

8*3825 

8*3181 

8*3695 

8*3240 

8*3591 


+ 0*80570 

+ 0*61790 

+ 0*42170 


2*34530 

1*52700 

1*51340 


Control . - • * 

Potassium sulphate . 
Control . 

Ammonium sulphate + super- 
phosphate. 

Control , . . * • 

Ammonium sulph. + super + pot. 
Control . . • • * 

Farmyard manure . 


8*3373 

8*3582 

8*3293 

8*3828 

8*3262 

8*3880 

8*3306 

8*3869 


+0*25070 

+ 0-64230 

+0*74220 

+0*67580 


Five per cent value of i ~ 2*4470 


0*68900 

B'OmO 

3^58200 

1*78900 



BEVELOPMEllTAL VARIATION IN THE PAEBY GRAIN 


All the manures have increased the length of paddy, but only two treatments 
give significant results. Ammonium sulphate alone seemed to have a large effect 
though statistically not definite, but the addition of other slightly effective 
manures have increased the length definitely. 


Table LVI 


Breadth of paddy grains in mm. (Ngasein 2104) 


Percentage 
increase or 
decrease 


Mean breadth 
of paddy in 
mm. 


Treatments 


Control 


+ 0*27945 


Control 


V +0*11880 


0*42215 


Sodium nitrate 


Control 


Ammonium sulphate 
Control . 


+ 0*28380 


1*22800 


Superphosphate 
Control . 


0*01778 


0*10223 


Control 


Potassium sulphate 


Control 


1*80480 


Ammonium sulphate + super- 
phosphate. 

Control . . 


+0*75920 


2-7-5340 


Ammonium sulphate + super + 
pot. sulphate. 

Control. 


+0*71120 


2-47740 


Farmyard manure 


Five per cent value of < = 2*4470 


39 A 
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Oiily two treatments definitely affected the breadth of paddy. Potassium 
sulphate and bone-meal reduced the breadth, but not significantly. The combina- 
tion of three manures had a definite effect on both the length and breadth of paddy 
grains. 


Table LVII 

Length of husked rice in mm. (Ngasein) 


Treatments 


Mean length 

Percentage 

of husked 

increase or ; 

rice in mm. 

decrease ! 

1 


Control . 

Lime 

Control . . . . • 

Sodium nitrate . . • 

Control • . . • . 

Ammonirim sulphate . • 

Control . » . . . 

Superphosphate 
Control . 

Bone-meal . . 

Control . . 

Potassium sulx>hate . . 

Control • 

Ammonium sulphate 4- super* 
phosphate. 

Control . . . • • 

Ammonium sulphate + super -f 
pot. sulphate. 

Control ..... 
Farmyard manure . 


5-9182 

5-9373 

5-9183 

5-9389 

5-9142 

5-9936 

5*9227 

5-9051 

5-9333 

5-9286 

5-9194 

5-8982 

5-9145 

5-9735 

5-9213 

5-9534 

5-9302 

5-9594 


} 

} 

} 

:} 


4-0*3565 

-f 0*3481 

4-1*3425 

•—0*2972 


—0-0792 


I 


— 0- 3581 


} 

ii 


} 


4-0*9975 

4-0-5421 

4-0*4924 


Fisher’s t 

0*9069 

1-9294 

2^U61 

0-5709 

0- 2480 

1- 3944 

3rS012 

0-9680 

1 * 3235 


Five per cent value of ^ 2*4470 


DEVELOPMENTAL VARIATION IN THE PAODY GRAIM 


Superphosphate, bone-meal and potassium suplphate reduced the length, 
though the decreases are not significant. Ammonium sulphate alone showed the 
highest percentage increase over the control. By the addition of superphosphate, 
the increase in length was reduced. The increase in length was further reduced 
by the addition of potassium sulphate. The additive effect of the three manures 
was definite. 

Table LVIII 

Breadth of hushed rice in mm, (Ngasein 2104) 


Treatments 


Control 


Control . • . . . 

Sodium nitrate . • 

Control . • . * . 

Ammonium sulphate « 

Control • • . * . 

Superphosphate 

Control . • » 

Bone-meal . . • • 

Control . . ♦ • 

Potassium sulphate • 

Control . . . * . 

Ammonium sulphate + super- 
pho.sphate. 

Control . . . • . 

Ammonium sulphate -f super + 
pot. sulphate. 

Control ..... 


Mean 

breadth 


2-8441 


2*8660 


2*8507 


2*8666 


2*8513 

2*8777 

2*8498 

2*8667 

2*8493 

2*8422 

2*8484 

2*8594 

2*8608 

2*8884 

2*8683 


Percentage 
increase or 
decrease 


+ 0*41840 


+ 0*16840 


+ 0*9269 


+ 0*6931 


Fisher’s t 


0*7012 


0*2617 


1*6163 


- 0*2492 


+ 0*3862 


j . + 0-9648 


1-1327 


0-6996 


0-6735 
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None ot tie treatments wiie deinitely effeotiye on the breadth of hndied rice, 
sulphate and its combination, increased the breadth but the mcreasee 
Ammonium smijueh distinct evidence that those 

cannot bo jndged aleo canee increases in the 

““””ciSt8 of'^aiS It tas al«> W 

l^eaStd to increase the liability to breatage of grain when the mJhng m 

carried out in a treadle pounder (Burmese Moung). 

XIV. Effect of wmvwt on the difebebnt faets of the paddy geain 

LJormation as to how manures affect the different parts of the paddy grain 

was obtained by subtracting from the paddy ^ brfbfRhind Ind 

weights The milling was done according to the method described by Rhmd and 

tlin [1933, «th the appa»W.i« 

^i?ofpaSyln«ed rice weights and bran by difference between 
husked and polished rice weights. 


Table LIII 

Effect of manures on imiglits of hush, bran, and polished rice (Ngasein) 1929-30 





Effect of manures on weights of hush, bran aftd polished rice (NgaBein) 19S0-S1 
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In neither year has any treatment shown a signl£cant effect on the weight of 
hnsk nor on the weight of bran except the treatment No. 9 (a combination of three 
manures) in the year 1930-31. Ammonium sulphate and its combinations have a 
definite effect on the weight of polished rice in both years. Therefore the increase 
in weight of paddy and hushed rice by the addition of manure was due more to the 
increase in weight of rice than to the increase in the other parts. The addition 
has thus been to the most useful part of the fruit, 

XV. Diefbrenoes in grain size due to looality 

It has been found that within the same administrative circle one variety of 
paddy from different localities differs in length and breadth to a considerable extent. 
The author is indebted to U Shwe Yin, Dip. Agri., Senior Agricultural Assistant, 
Myaungmya, for the followdng data for the variety Emata A 26~3, a translucent- 
grained type. The paddy was grown at eleven centres within the Irrawaddy Circle 
(Delta). The figures are given in Table LIX. 
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Table LIX 

Mean length of grain, standard error and mean variance in mm. (Emata A 26-3) 
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To test the homogeneity of the whole set of 1100 measurements they are 

anatysed below in Table LX. 

Table LX 

Analysis of variance, grain lengths of Emata A 26-3 



Degrees 

of 

freedom 

Sum 

of 

squares 

Mean 

square 

s. D. 

Loge S. D. 

Within localities . 

1089 

99-3077 

0-09119 

0-30197 

3.6514 

Between localities 

10 

0-030239 

0-00302 

0-06499 

1-7046 

Total 

1099 

99-3379 


Difference 

' = 1-9468=2j 


Standard deviation of 2 is 0 • 2246 


Tbe difference observed is significant, therefore the whole set of values appears 
to be non-homogeneous with a variance of about 0*090388. The gtandard error 
of means =0* 03019. 

Variation in breadth of grains from A 26-3 grown at eleven different localities. 
The mean and standard error of the mean are given in Table LXI. 


Table LXI 

Mean breadth of grain, standard error and mean variance in mm. (Emata A 26-3') 
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Analysis of variance to test tke homogeneity is given in Table LXII. 

Table LXII 

Analysis of variance , grain breadths of Emata A 26-3 


Due to 

Degrees 

of 

freedom 

Sum 

of 

squares 

Mean 

square. 

S. D. , 

1 

Loge(S,D.) 

Within localities 

1089 

9r702000 

0*008909 

0*09438 

2-2447 

Between localities 

10 

' 0*007340 

0*000734 

0*02709 

0-9966 

Total . 

1099 1 

1 

i 

9*709340 


Difference 

= 1-2481 


Standard deviation of z ~ 0*2246 


Like length of grains, the majority of the mean differences in breadth are 
significant, and the whole set of values seems to be non-homogoneous with a 
variance of about 0*008833, The S. E, of means = 0* 009438. 

Difference in variability due to localities 

Analyses for grain length and breadth are given in Tables LXIII and LXVIV. ’ ■ 

Table LXIII ' 

Analysis of variance of variabilities for length (A 26-3) 


Due to 

Degrees 

of 

freedom 

Sum 

of, 

squares 

Mean 

square 

i Loge 

(mean 

square) 

J. 

n 

Tagundaing ... 


6*7886 

0-06856 

0-96246 

0*010101 

Letthama . , . 

99 

10*6400 

0*10747 

1*18730 

0-010101 

Central Farm, Myaungmya 

99 

7*4380 

0-07613 

1-00870 

0-010101 

Pandabiit , , . 


7*2556 

0*07330 

0*99600 

0*010101 . 

Sangin . . . . 

99 

9*8626 

0*09962 

I* 14930 

o-oioioi 

Pyapon . 

99 

8*9766 

0*09067 i 

1*10230 

0*010103 

Mayan , . . , 

99 

9*6771 

0*09775 ^ 

1*14000 

, 0*010101 

Bassein . , , , ■ . , 


9*1977 

0*09291 

1*11450 

0*010101 

Yegy! , . , , . . ,,, . 

99 

11*6122 

0*11729 

1*23120 

0*010101 

■Wakema . . . . . ^ . 

99 

8*7042 

0*08792 

1*08700 

0*010101 

Myaungmya 

llllllllll^ 

9*1491 

0*09242 

1*11190 

0*010101 


Stiandard deviation' of sg « 0 • 1004 
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Table LXIV 

Analysis of variance of variabilities for breadth (A 26-3) 


Due to 

Degrees 

of 

freedom 

i 

Sum 

of 

squares 

Mean 

square 

I Lego 
(mean 
square) 

1 

n 

Tagundaing, 

99 

1-010 

0-010202 

1*1613 

0-010101 

Letthama 

99 

0*745 

0*007525 

1*0088 

0*010101 

Central Farm, Myaungmya 

99 

0*725 

0*007323 

0-9955 

0*010101 

Pandabut 

99 

0*836 

0*008444 

1*0670 

0*010101 

Sangin 

99 

0*871 

0*008798 

1*0872 1 

0*010101 

Pyapon .... 

99 

0*957 

0*009666 

1*1343 

0*010101 

Mayan . . 

99 

0*988 

0*009980 

1*1452 

0*010101 

Bassein 

99 

0*742 

0*007495 

1*0070 

0*010101 

Yegyi .... 

99 

0*796 

0*008040 

1*0422 

0*010101 

Wakema . 

99 

0*957 

0*009666 

1*1343 

0*010101 

Mya:ungmya 

99 

1*075 

0*010859 

1*1925 

0*010101 


Standai'd de^dation of 2 ; =•• 0* 1004 


Differences in variability in length are significant in a few cases, while in 
breadth the difference is definite only between the paddies grown at the Central 
Farm, Myaungmya, and Myaungmya. Therefor© the variabilities in length and 
breadth due to localities cannot be judged significant on these data, 

XVI. Disctjssiok 

The results presented in this paper reveal several interesting features on the 
developmental va.riation in the paddy grain in relation to various environmental 
factors. This variation in grain dimensions, though not large, is^ of such a 
magnitude as to be of importance in milling. 

It has been shown that in order to get a representative sample, it is necessary 
to take the measurements of at least 100 grains. Lord [1929] found that in order 
to get a representative sample, measurement could be restricted to twenty grains 
only* Ramiah [1933] concluded from his experimtot, that the measurement of 
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six grains from the top and middle portions of the panicle, was sufficient. The 
present experiment, however, definitely shows that little reliance can be placed 
on a random sample which consists of fewer than 100 grains. 

As regards the variation within a panicle, Ramiah [1933] mentions only the 
presence of a higher proportion of ill -filled and half -set grains in the lower portion 
of the panicle, while van der Stok [1912] found that the mean weight decreases 
downward on the panicle. The latter’s finding has been confirmed in this paper. 
Size, which generally depends upon weight, shows a tendency to decrease down- 
wards, but comparison between mean lengths of grains of the top and middle 
portions did not show a singificant difference. 

The conclusion arrived at by Ramiah and Parthasarathi [1933] that grains in 
different tillers (panicles) of the same plant do not vary significantly in size, is not 
confirmed. In the present experiments on both the two pure- line paddies signi- 
ficant differences have been obtained not only between one panicle and another of 
the same plant in the majority of comparisons, but also between one plant and 
another of the same paddy. Therefore variations within a plant and within a 
variety are definite even in stabilized types which have been grown in pure 
culture for a number of ^^ears in the same place under identical conditions. 

The effect of spacing on the size of grain is not definite, but there are indica- 
tions showing that grains tend to be longer with closer spacing. Of the two experi- 
ments carried out here, in one, size of grain has shown a definite response to spacing. 

On the effect of various manures tested, ammoniacal fertilizers alone and in 
combination with other artificials cause a true increase in mean whole grain weight. 
Significant increase of the weight of grain without husk is caused only by the addi- 
tion of two fertilizers together, viz,, ammonium sulphate and superphosphate. 
Regarding the effect on the polished rice, the most important part of the fruit, 
ammonium sulphate and its combinations produce significant increases. Husk 
and bran are only affected slightly by the addition of fertilizers. The influence 
of nitrogenous fertilizers on wheat have been studied by Engledow and Ramiah 
[1930] and it has been found that grain size is much affected. Results obtained 
here agree with their findings. Paddy grain dimensions are positively affected 
by the addition of ammonium sulphate in combination with superphosphate and 
potassium sulphate. 

In the study of the influence of different harvesting dates, the results obtained 
here show that grains tend to become smaller with later harvesting, but detailed 
investigation is necessary to properly assess the role of ripening on the modification 
' of grain size. ■ ■ 

Influence of soil conditions and season on grain size has not received the 
attention of many investigators working on paddy. Ramiah and Parthasarathi 
[1933] in their paper pointed out that grain size is liable to be affected by different 
soil conditions and seasons. In this paper, results are given to show that soil and 
season have definite effects on the size of grain. 
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The effect of various environmental causes on the variability of paddy grain, 
length, which is of some importance for plant breeders, has never been studied 
before. Variability, the amount of variance, is much affected by small alterations 
of the environment. The variability of one strain may or may not be the same a,s 
that of another. The variability of two different paddies may not differ signi- 
ficantly, but the va,riability of the same strain may be altered considerably by 
changes in spacing, harvesting date, season and soil. 

This work has been carried out under the supervision of Mr, D. Eiiiiid, 
Economic Botanist, Burma, to whom the author is greatly indebted for his 
suggestions and assistance in mitiiig this paper. 


XVIT. Summary 

1. Figures are given to show that samples of less than 100 grains cannot be 
relied on to give a representative grain measurement. 

2. It is shown that within a panicle grain length and weight decreases from the 
top downwards and that the lower part of a panicle bears more unfilled grains than 
the upper, 

3. Grain length may differ significantly between panicles of the same plant. 

4. The extent to which pure lines may vary is itself a variable character. 

5. In the variety Taungdeikpmi the wider the spacing the shorter the grains 
tend to be. Ngasein did not show this effect clearly, 

6. Ngasein has shown a decrease in variability at two ft. x two ft. spacing as 
compared to one ft. X one ft. while Taungdeikpan showed an increase at the wider 
spacing. 

7. Length and breadth of Ngasein grains were reduced by later harvesting dates. 

8. Grain weight of Ngasein was found to be liable to significant variation from 
year to year and grain length of Taungdeikpan showed a similar effect. 

9. In Ngasein fertilizers have affected grain weight and dimensions. In 
general those fertilizers which give substantial increases in yield have given 
significant increases in grain size. In the case of combined manures the effect seems 
to be additive, 

10 . The increase in grain weight caused by fertilizers is shown to be due mainly 
to increase in the endosperm (rice) and not to the husk or bran. 

11. Grain length and breadth of the pure line A26-3 from eleven localities in 
Lower Burma are shown to differ significantly from place to place. The amount 
of variability does not differ significantly from place to place. 
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Inteoduction 

The eiSeienoy of a field experiment depends on the standard error of the 
different estimates involved in the test, and it is therefore necessary that the experi- 

mental arrangement should be de, signed in such a way as to ensure the highest 
possible precision. 6 

_ Among the many factors that contribute to the magnitude of the errors ip 
agricultural field experiments the foUowing three are of considerable importance 

(1) Shape and size of the individual plot. 

(2) Shape^and size of the Block Division (for elimination of soil heteroge, 

^^m^SaSeS'^ plots and of the blocks in the experi, 

plots on tbe magnitude of errors has been done both in India and abrosd Tbn 
crops chosen were generally the cereals, potatoes or sugar-beets ’ 

( 460 ) 
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In the United States, Stephens and Vinall [1928] working at Chillicothe-Texes 
in 1928 found three or four replications of 1/40 acre and 1/80 acre plots fully 
adequate for field tests with sorghum. Swanson [1930] has shown that the 
standard error of an experiment does not appreciably decrease after the plot size 
has increased to 1/25 acre ; he also observed that longer plots gave higher preci- 
sion than square plots of equal area. Ligon [1930] has calculated with data on 
cotton grown on the Oklahoma Experimental Station that for optimum accuracies, 
the length of a plot did not exceed 100 feet. 

In India, a uniformity trial with sugarcane (1933) was analysed and the 
results showed 1/24 acre (151'*3 X 12') to be the optimum area of plots for this 
crop. A more extensive experiment on rice at Chinsurah [Mahalanobis et al, 1934] 
(Bengal) Government Earm (2) showed the optimum area for rice to be 1/60 
acre. In Assam [Mitra and Ganguli, 1934] again, the optimum area for rice was 
very nearly the same. 

It is obvious that the optimum size is determined by the distribution of ferti- 
lity contours in the given piece of land, and hence is likely to vary from place to 
place. But if the experimental site is kept fixed, the results of uniformity trials 
in any one year may be a valuable guide for work in the succeeding year, provided 
of course that the fertility distribution remains more or less the same from year 
to year. In the present investigation an attempt has been made to study these 
questions with the help of the results of an experiment with. Juar conducted in 
Sholapur district for three consecutive years (1930-33). 

Experimental details 

One acre of land (290'. 4 X 150') was chosen in the midst of a bigger area 
(plot No. 13 on the Mohol Plot) for sowing Maldandi juar^ a variety extensively 
grown all over the Sholapur district. It was harvested in plots of 1/1 60 acre 
(72 ft. 6 in. X 3 ft, 9 in.) each containing three rows of the plants 15 in. apart. 
The 160 plots were arranged in forty rows of four columns, and the yields were 
measured in tolas. The plot division was kept intact for three years, and the 
3 fields of the 160 plots are available for three consecutive harvests. The original 
data are given in Appendix I. 

Nature of distribution oe experimental results 

It has been claimed by the statistical workers at Rothamsted on the evidence 
of the experimental results of uniformity trials that the usual yield data obey 
approximately the Normal law of distribution. The data for rice yields at Chin- 
surah Farm have also broadly confirmed this result ; the deviations from the 
Normal distribution although significant are not large. In view of the importance 
of the question, the distribution of the juar yields has been investigated in 
detail. The frequency constants are given in Table I. 
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. Table I 


Frequency constants of the distribution o/juar with their standard errors 


n 

1930-31 

160 

1031-32 

160 

1932-33 

160 

Mean 

n6-2876±2-3861 

67*2250± 1*8765 1 

126-3688±2-6601 

Standard deviation 

30- 1695 dr 1-6866 

23*7365± 1*3269 

32-2668± 1-8032 

Pi . . 

0-7930 ±0-2937 

0* 4339 i 0*4005 

0-0802±0-2123 

02 • - • ■ 

3- 3107 ±0-5355 

3 * 9002 1*5594 

4-0206±2-1994 


The distributions seem to be of the non-normal type ; but the values of [2i 
and P 2 being based on only 160 observations have large standard errors. It is 
thus not possible to assert with these sets of observations that the distributions 
of the yields are significantly different from the normal type. Only in the first 
year, is the value of appreciably different from 0, i,e., the skewness is significant 
In the two later years however it is fahly symmetrical. The values of although 
numerically greater than three in all the eases, cannot be considered to be 
difierent from three in the light of the standard errors. The observed distri- 
butions therefore may be taken to be a sample from a normal population. It may 
however be added that Egon Pearson* [1929] and others have shown on the 
basis of experimental sampling that the usual tests of significance are not 
invalidated for slight divergences from normal distribution. 

Analysis of results 

In analysing the data, fifteen different shapes of plot have been considered. 
It will be observed from the data given in Appendix I that heterogeneity is more 
marked between columns than between rows of same area. Thus in 1930-31, the 
estimated variance of the means of four columns is 512.6, while that of the means 
of four blocks (of ten rows each) is 102*5. The columns, singly and scmetimes 

* Egon S. Pearson assisted by Adyanthaya and others studied by actual sampling 
experiments the frequency distributions of Student’s 2 , the usual test of significance 
between two observed means drawn from a number of non-normal symmetrical and 
skew populations given by (1) = 0, 2*5, (2) = 0, = 4-12, (3) p^ = 0, 

Pa == 7*07 (4) Pi = 0*2, pa = 3*30(5) p^ s=: 0*5, pg — 3*73. The sizes of samples 
were 2, 5, 10 and 20, respective^. As a result of two series of tests, viz-, the single 
and two sample tests, it has been shown that in the former case 21 tests of goodness 
of fit for z gave a mean value of 0*463 and in the latter case nine values of P gave 
a mean of 0*332. Pearson remarks that in these ranges of p^ and pa ‘ there will 
not in practice be a danger of any serious loss of control ’ with regard to the hypothesis 
being rejected when it is in fact true. It will be noticed that the observed values in 

the present series of field experiments mostly lie within the range covered hy Pearson’s 
work. 


[Breadth (unit= 3 * 75 ft.) 
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by twos have therefore been treated as blocks for eliminating soil heterogeneity 
and R. A, Fisher’s method of analysis of variance has been used throughout for 
calculating experimental errors. 

The residual standard deviations between plots are shown in Table II and the 
standard deviations expressed as percentages of mean yields in Table III for 
different shapes and sizes of plots for the year 1930-31. Corresponding figures 
for 1931-32 and for 1932-33 are given in Tables IV— VII. 

Table II 

Standard deviation of plots in tolas, 1930-31 


(a) Before elimination of block differences (&) After elimination of block 

differences 


Length (unit — 72*5 feet) 


1 1 

2 

4 

1 

2 

30-17 

42-46 

1 54*27 

21-66 

33*75 

68-33 

81-98 

103-20 

40-68 

63-86 

112-04 

156-21 

189-00 

75-19 

117-71 

139-41 

196-71 

239-71 

93*53 

149*43 

262-09 

368-30 

405*10 

162*09 

262*65 

j 


Table III 

Standard deviation expressed as percentage of mean, 1930-31 


(b) After elimination of block 


(a) Before elimination of block differences 


25-94 

25-08 

24-09 

23-98 

22-54 


18-26 
17-62 
16* 
16-92 
15- 
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Table IV 


Standard deviation of plots in tolas, 1931-32 



{a) Before elimination of block differences 

1 (5) After elimination of block 
differences 


1 

2 

1 " 

1 ^ 

, , 2 ■ 

1 

23*74 

35-38 

55*13 

19*76 

30-90 

2 

45-16 

67-74 

105*2 

36*96 

58*52 

4 

86*78 

130*97 

202*1 

70*48 

112*47 

5 

106-54 

161*80 

250*6 1 

86*33 

139-00 

10 

j 

197-79 

311*75 

485*3 

168*23 

269-62 


Table V 

Standard deviation expressed as precentage of mean, 1931-32 



(tf) Before elimination of block differences 

(6) After elimination of block 
differences 


1 

2 

4 

1 

2 

1 

35-31 

26-31 

20*50 

29*39 

22*98 

2 

33*59 

25*20 

1 19*56 

27-49 

21*76 

4 

32*27 

24*35 

18*79 

26*21 

20*91 

5 

31*70 

24-07 

18*64 

25*68 

20*67 

10 

29*42 

1 

23-19 

18*04 

25*02 

20*05 


Table VI 

Standard deviation of plots in tolas, 1932-33 



{a) Before elimination of block differences 

1 (5) After elimination of block 
differences 


1 I.'. . 



I 2 

1 ^ 

1 ^ 

1 2 

1 

32-26 

50*36 

49-21 

29* 83 

■ 46*95',.'. 

2 

57*31 

95-16 

86*44 

52*10 

88*30 

4 

108*76 

185*87 

i 

171*3 

99-31 

■ 173 .* 66 '. 

5 

136-86 

230*69 

191-6 

126*44 

216-62 

10 

260-34 

448*50 

393-1 

250*11 

432-86 
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Table VII 

Standard deviation expressed as percentage of mean, 19S2-33 


(a) Before elimination of block differences (6) After elimination of block 

differences 



1 

2 

4 ■ 

1 

I 

2 

j 

1 

25-53 

19*93 

' 9*74 

! 

23-61 

18*58 

, 2 

22*68 

18*82 

8*55 

20-61 

1 

17*47 

4 

21*52 

18*39 

8*47 

19*65 

17*18 

5 

21*66 

18*25 

7*58 

20*01 

17*13 

10 

20*60 

17*71 

7*78 i 

19*79 

17*13 


It will be seen that the standard deYiation doss not increase proportionately 
to the increase of the size of the plot, in fact as the area of the individual plots is 
increased, the percentage standard deviation diminishes but this decrease is more 
rapid for plots of increased lengths than for increased breadths. 

Thus, if unit of length ( =72*5 feet) = Z 
and unit of breadth (=3*75 feet) = 6 

we find the following results for 1930-31, without eliminating soil differences. 

Table VIII 


Standard deviations expressed as percentage per plot of different shapes 


i 

Size of plot 1 

i 

s. D. 

Size of plot 

S. D. 

'(2Z)x(6) . 

18*26 


^(41) X (b) . . 1 

11*67 



*< 

(21) X (26) 

17*62 

Jl) X (.2h) . 

25*08 

i 

1(1) X {4b). . 

24*09 


Thus, highly narrow strips of plots (length much greater than breadth) lead 
to greater precision than plots of same area but much wider and not so narrow. 
The same result has been obtained by a number of workers ; Christidis [1931] has 


i 
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shown on the basis of certain theoretical considerations, that plots should be as 
long and as narrow as possible in order to reduce the effect of soil heterogeneity ; 
this '' of course, within the limits set by different practical considerations, amongst 
which convenience, competition, and accurate measurement of width appear to 
be the most important ’h 

In the present investigation, the results of all the three years corroborate 
Christidis’s conclusions, as can be seen from Tables III, V and VII for the years 
1930-31, 1931-32 and 1932-33 respectively. The residual standard deviation has 
steadily decreased in all three seasons up to the largest area, for each individual 
width. 

Soil heterogeneity 

It is now generally accepted that soil heterogeneity is a characteristic of all 
fields and one of the objects of field designs is to eliminate, by local control, this 
source of variation as far as possible. It will be interesting therefore to investigate 
how far the precision of the experiment has been increased in the present design 
by using Fisher’s method of Randomised blocks. 

A comparison of the results given in the two portions. 

(а) before elimination of block differences, and 

(б) after elimination of block differences 

in Tables II— VII will show the actual improvement achieved. Thus in 1930-31, 
for a plot size (iZ X 106), the S. D. before block elimination is 262*09 tolas per 
plot while, after this elimination, this is reduced to 162*09 tolas per plot. It is 
true that the magnitude of the reduction is not the same for plots of all sizes, but 
practically in every case the block elimination has appreciably improved the 
precision of comparison. 

We have seen that the percentage standard deviation decreases steadily as 
the size of the plot is increased. But for a given size of the experimental field, 
an increase in plot size also means a reduction in the number of replications. Thus 
while the error of the experi nent is reduced by the decrease in the percentage 
standard deviation due to increase of plot size, it is at the same time increased 
by the loss in the number of replications. 

It is clear therefore that in order to determine the optimum size of the plot, 
it is necessary to take both these factors into consideration. A suitable criterion 
is obtained by multiplying the percentage standard deviation of each plot size by 
the square root of the number of ultimate plot units which the plot contains. The 
final standard errors (corrected for plot size and number of replications) are shown 
in Tables IX — ^XI. These tables are now comparable for the effective precision 
of the experiment. 
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Table IX 

Percentage standard error corrected for size of plot and nuMber of replications ^ 

1930^31 


j 

(a) Before elimination of bloc 

] 

k differences 

(6) After eliniinMlion of block 
differences 


1 

2 

1 4 

1 

2 

1 

25- 94 

25-82 

23-34 

18.63 

20.62 

2 

i 

35*46 j 

36-24 

31-36 

24.73 

27.46 

4 

48-18 

j 

1 47-48 

40-64 

32.32 

35.77 

5 

63-62 

i 53-50 

I 

46-11 

35.98 

40.63 

10 

71-27 

70-84 

55-08 

i 

44.08 

50.49 


Table X 

Percentage standard error corrected for size of plot and number of replications, 

193P32 


(b) After elimination of block 
differerices 


29*39 32' 49 
38-87 43 '52 
52-42 59-13 
57-42 65*36 


(a) Before elimination of block differences 


35-31 

47*50 

64-64 

70-88 

93-03 


41*00 

56-32 

75-16 

83*36 


37-20 

50-40 

68-86 

76*11 

103-71 
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Table XI 

Percefitctge standfifd e^rror corrected for size of plot and number of replications ^ 

1932^33 



(a) Before elimination of block differences 

{6) After elimination of bl)ck 
differences 


I 

2 

4 

1 

2 

1 

25-53 

28-18 

19-48 

23-61 

26-27 

2 

32-07 

37-64 

24-18 

29-14 

34-94 

4 

43-04 

62-01 

33-88 

39-30 

i 48-59 

5 

48*43 

67-71 

33-90 

■ 44-74 

54-17 

10 

65-14 

79-33 

49-20 

62*58 

I 

76-61 


For convenience of oomparison, the effective standard errors are shown in 
Tables XII— XIV as percentages of the corresponding standard errors of the 
smallest plots. 


Table XII 

Standard error expressed as percentage of standard error of the smallest plot^ 

1930^31 



(a) Before elimination of block differences 

(6) After elimination of block 
differences 


1 

2 

4 

■ ■ 1 ■ 

2 

1 

100-00 

I 99*54 

88-98 

71-82 

79*10 

2 

136-70 

135*85 

120*89 

95*33 

105-86 

4 

185-73 

183-04 

156*67 

124*59 

, 137*89' V' 

5 

206-71 

206-24 

177*75 

138*70 

156-63 

10 

274*76 

273-09 

212-33 

169*93 

194-64 
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Table XIII 


Standard error expressed as percentage of standard error of the smallest plot, 

1931-32 


(a) Before elimination of block differences 


(b) After elimination of bk>ok 
differences 


100*00 


105*35 


116*11 


134*52 


142*73 


156*87 


110*08 


123*25 


182*78 


195*01 


212*85 


148*45 


167*46 


200*73 


215*54 


236*08 


162*61 


186*10 


263*46 


293*71 


323*07 


224*04 


253*92 


Table XIV 

8tai%dard error expressed as percentage of standard error of the smallest plot, 

1932-3$ 


125*62 

168*59 

189*70 

265*15 


(o) Before elimination of block differences 


Two things here deserve notice. The effective precision, as observed by pre- 
vious workers, generally decreases as the plot size is increased. But this is not 
true invariably. We find in fact that, in the present series of experiments, a plot 
size of 41 X 16 (290' X 3'. 75) in 1930-31 and 1932^33, 21 x 16, (W5' 0x3'. 75 
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in 1931-32 give tke greatest precision. It appeals desirable therefore to use long 
plots of 1/40 acre running from east to west in future ex|)erjnierits witli jmr 
on this particular field. The next best size of plots will bo 145' X 3h75 (1/80 
acre). 

Analysis oe co-vaktance 

In the foregoing analysis increased precision was obtained by block division. 
This procedure eliminates the soil-heterogeneity betweien Ijioeks, but it i.s ineapalile 
of eliminating the soil dilFerences existing between plots within the same Idoidc. 
Co-variance analysis is often of great help for this purpose when' results ff.)r succes- 
sive seasons are available, and has proved highly siiccessf a! in tlie cas?' of certain 
crops, e.g., potato, sugar-beet, and tea. 

In this method the correlation between the yields of two c<*nsceutivt' sf^asons 
is calculated, and if this correlation is statistically significant, tla^ iiifonna,ti;,.-n 
for the first season is utilised for eliminating the fertility dilTcriaices between 
plots within the same block in the second season. The irinirovemciit in ])recision 
increases naturally with the magnitiide of the coefficient of (njrrelatiou. In 
present experiment however the residual correlations are praelic'aliy ntgligible, 
as shown in Table XV. 


Table XV 


Coefficierd of eorrelaUon 


1 

.Year 

Ft-vk 

1 

Fc^ifliial 

1930-31 X 1931-32 . 


. 

0-G250 

0-1741 

1931-32 X 1932.33 . 

- 

• 

(*9826 

+ 0-0393 

1930-31 X 1932-33 . 

* ' 


■0-75 I 6 

— 00536 


The coefficient of correlation between blocks, being based on two degrees of 
freedom, may be considered significant only in the case of 1931-32 and 1932-33 * 
the other two, though high, are less than the five per cent value. The correlatVon 
between plots is not appreciable in any of the three combinations With such 
insignificant correlations it is not possible to improve the jn^ecision of 
experiment in subsequent years with the help of the results of the previous 
seasons. It is however desirable to e:??anaine whether this is true for the 
fields in general. 
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Summary 

Uniformity trials with juar {Ardropogon Sorghum) were conducted for three 
successive years (1930-33) in Mohol plot in Sholapur district. A detailed statis- 
tical analysis gave the following results 

(1) The frequency distribution of yields is not strictly normal ; the diver- 
gence from normality although statistically significant is not large. 

(2) The frequency distributions were not significantly different from e 

normal type ; but as the sample was based on only 160 observations, this test 
of deviation from normality was not sufSciently precise. ^ ^ 

(3) The systematic differences in soil-fertility were appreciably eliminated 

by dividing the field into two and four blocks, and the precision of the experi- 
ments was thereby improved very considerably. _ _ . 

(4) Long and narrow strips of plots gave greater precision than plots ot 

same area but much wider. , 

(5) The standard deviation between plots decreased as the plot area m 
creased, but the gain in precision was less than the loss due to the reduction m 

^6? The effective precision (corrected for size of plots and number of replica- 
l) plot* of 290 ft, X 3-75 ft. (or 1/40 ooro). The next beet 

1 4. V 2* 75 ft (or 1./80 acre). 

^ m The yield of plots within the same block did not show appreciable 
correlation from yea, to year, so that the method of analysis of co.yar»n«> 
failed to give increased preeision in succeeding years. 
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Gad etn).am.ty Direetors of Agrionlture. for valuable help a,nd encouragement 
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Appendix 1 

8Mch Map 1, 1930-31 


Yield of grain in “ tolas ” of original 160 plots of one acre during the year 1930 
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Sketch Map 1, 1932^33 


Yield of grain in ^Holas'' of original 160 plots of one acre during thr ytar 1132 
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DISEASE IN COTTON 

BY 

V. P. GOKHALB, B.Aa., 

Department of Agriculture, Bombay 

(Received for publication 14th December 1935) 

Introduction 

A peculiar disease in cotton which manifests itself in the reduced size of 
leaves and sterility of the plant has since long been recorded in the Bombay 
Presidency. A few observations were made by Kottur and Patel [1920], but 
no attention appears to have been paid to this disease until 1933 when its 
incidence was reported to be as high as five to fifteen per cent in the Southern 
Maratha Country. In August of the same year, the Indian Central Cotton 
Committee provided funds, for a period of one year, for the survey of th^ 
disease in the Bombay Presidency including the Baroda State, but this work 
was not begun until very late in the season. Side by side with the survey 
work, preliminary experiments were made on the nature of the disease, but 
some of the experimental work was unfinished at the end of the year. . The 
following report therefore is incomplete in some essential respects, but it has 
been considered worthwhile to record the observations made during the period 
of December 1933 to October 1934. 

Distribution and extent of damage 

A survey of the disease was undertaken in the important cotton-growing 
tracts of the Presidency, namely, Gujarat (including the Baroda State), the^ 
two districts of Khandesh and the Southern Maratha Country. In determining 
the amount of damage, an area of about four to five acres was selected at random 
in a village and the total number of plants in the whole area was calculated by 
multiplying the average number of plants in a line by the number of lines. 
The number of diseased plants was determined by actual count. From these 
figures the percentage of infection was calculated. However, when larger 
areas were selected for observation, the amount of damage was determined from 
the number of diseased plants in a few sections selected at random in the 
area. In addition, information on the following points was obtained whenever 
possible: (1) kind of soil, (2) variety of cotton, (3) rotation followed in the 
preceding years, (4) approximate date of sowing, and (5) insects found on 
diseased and healthy plants. 

The incidence of the disease in each variety of cotton in the different tracts 
of the Presidency and in the Baroda State is summarised in Table I. ' 
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Table I 

Amount of damage hij Small-Leaf disease to different varieties of cotton 


Variety of cotton 

District | 

Percentage of diseased 

1 


plants 


Southern Maratha Country 


O'l —2-2 


Jay want 

Kiimpta . . ■ . 

Kanvi . . . 

Besi cotton 

Rozi cotton . . 

Do. (1st ratoon) 
Do. (2nd ratoon) 

B. D. 8 • 

Wagad local . 

Wagad 8 
Chokdio . 

Lalio . 

Broacli 9 
1027 A. L. F. . 

ITeglectum types 


Dharwar • 

Bel gaum 
Bijapur 

Dharwar . 

Belgaum 

Bijapur 

Gujarat and Baroda 

Baroda 

Mehsana 

Kaira. 

Baroda 

Broach 

Surat 

Kaira 

Do. 

Do. . . . 


Surat 

Broach 

Mehsana 

Ahmedabad 

Mehsana 

Do. 

Do. 

Baroda * . 

Broach 

Surat * . 

Khandesh 

West Khandesh * 
East Khandesh . 


0-24—2-3 

0 - 10 - 2-1 

0-17—1-15 

0-10—1*70 

0*30—3-50 


0-0 —1*18 
0-67—1-33 
0*52— 3-41 

Nil 

0-05—0*5 

0-10 

Nil 

8-75—13-94 

17*23 — 21-22 (even up to 
33 per cent in some 
places) 

Less than 0-1 
0 - 0 - 0-2 

4-88—6-74 

Nil 

0-40—9-39 

0*55 

3-00 

0*10 

Negligible 
Less than 0 • 1 


Nil 

Nil 


OBSERVATIONS ON SMALIi-LBAF DISEASE IN COTTON i/ f 

It will be seen from the table that the disease is of widespread occurrence, 
but was not found in the southern part of the Surat district or m Khandesh. 
It was noc severe in 1933-84, although its incidence ranged from five to biteen 
per cent in the Southern Maratha Country in the previous year. Inquiries with 
the cultivators revealed that the disease varies in seventy from year to year. 

The survey in Gujarat was not undertaken until February 1934, ‘'^ben the 
cotton crop had been seriously affected by the severe frost and it was difficult 
to recognise diseased from healthy plants in the beld. ^ j ,■* 

picking of cotton was over when the fields were visited for observations, and - 
Us fmther found on enquiry that cultivators in Gujarat uproot diseased pto s 

as soon as they are noticed in the field and feed themto the cattle The 

information on the amount of damage by the disease in Gujarat is therefore 

incomplete. i 

The survey work in Khandesh was begun in the middle of September 1934 
and from the reports received till the close of the enquiry in October 1934 it 
was found that not a single diseased plant had been observ.ed m the Neglectum 

types of cotton. j. ui 

The following other points of interest are brought out by the table: 

(a) The incidence of the disease varied from 0-2 to 3-5 per cent in the 

SoUhern Maratha Country and from 0 to 10 per cen m annua 
types of cotton in Gujarat, where the ratoon crop ®ufi®rs 

damage up to about thirty-three per cent. In Khandesh the 

disease was not observed. On the whole the disease was much 
less in evidence in 1933-34 than in the previous year. 

(b) In the Kaira district, where ratooning of cotton is normally ’ 

“ the disease appears in a virulent form in ratoons of Bozi cotton. 

The first year? crop is free from the disease, which appears in the 
ratoon crop to the Ltent of ten to fifteen per cent, and is greatly 
totensified in the second ratoon, the damage varymg from eighteen 
to thirty -five per cent. 

affected. , . 

(d) There was no' evidence that any variety of Herbaceum cotton was 
^ ^ more resistant to the disease than another. 

On the Bharwar Farm, observa^^^^^^^^^ ^^t^nuX^KilSd 

disease m cotton in an ar a | P’ebruarv 1934, thirty-six per cent were 
obse^ea from November ^ j 

noticed in November 4.8 p« cen continued to appear even after 

SwS, 'bhll aid' 

in the Abmedabad and Pa.cb„,.bal districts, and In 

the Navasari district of Baroda State. 
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Symptoms of disease 

Before the appearance of the disease, the leaves on all plants are alike in 
colour and size, and no distinction can be made between a diseased and a 
healthy plant. About twelve to thirteen weeks after sowing (or sixteen weeks 
in the late-sown crop), a plant here and a plant there in a field may be seen 
putting forth numerous small leaves in clusters, and the dormant buds on the 
main stem as well as the axillary buds are stimulated to activity, thus indicating 
distinct departures from normal growth. The leaves on diseased plants are 
considerably reduced in size and measure from 0*3 to 2*8 cm. in length and 
0-5 to 3 cm. in breadth, ^vhilst those on healthy plants measure from 1*4 to 
3-4 cm. in length and 1*5 to 4*1 cm. in breadth. The colour of diseased plants 
gradually changes to pale green, and old leaves on such plants, though of 
normal size, turn red along the margins on the upper or the lower surface. 
The reddening continues in the tissue between the veins, and such leaves 
wither and drop down in about tree weeks. On the small leaves*, however, 
small black specks appear, but these leaves may or may not turn red along the 
margins. The diseased plants give the appearance of a ‘'witches broom**. 
No mottling of the leaves has been observed, although curling is present to 
some extent. 

The petioles are reduced proportionately in size. The bracteoles attain a 
good size, and persist on the plant for a long time, but the bud inside the 
bracteoles becomes flat and suppressed and withers in a few days. Over the 
suppressed bud the calyx forms a cup-like organ. The petals are changed into 
small, thick, leafy structures, and other floral organs are extremely reduced in 
size. Such plants remain sterile. 

An aflected plant has never been seen to recover, and after the appearance 
of the disease its rate of growth is much slower than that of a healthy plant. 
The diseased plants wither within the course of tw’'o to three months. Many 
plants are partially afiected, the healthy part producing normal bolls. If a 
plant is affected after the bolls are formed, the bolls do not make much further 
growth but are cracked and open out early. The disease may originate in any 
part of the field and not necessarily along the borders. There is no marked 
difference between the root systems of the diseased and healthy plants. It is 
not usual to find all the plants in a hill showing the disease. 

Nature of the disease 

That the disease is*- not parasitic in nature has been proved by repeated 
isolations from the affected plants. There is also no evidence that atmospheric 
or soil conditions cause the disease. Analyses of soil samples from around 
the diseased and healthy plants have shown no difference in their chemical 
composition, nor has the application of farmyard manure in varying quantities 
to different plots pre-disposed the plants to infection. 

None of the cotton plants inoculated with the Juice of diseased plants showed 
symptoms of Small-Leaf disease. Also, all attempts to transmit the disease 
by means of insects from naturally infected cotton plants to healthy plants in 
muslin cages gave negative results. The result of the transmission of the 
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disease by grafting were inconclusive, since these experiments failed due to 
graft union not being successful. There was no opportunity to repeat these 
experiments. - 

Study of the disease in the ratoon crop 

Tield observations indicate that ratoon cotton suffers badly from the disease. 
The following is the brief summary of the observations made at different 
places. 

Surat Farm. — ^Five hundred and seventy-six healthy plants of 1027 A.L.F. 
were cut back in May 1934. About the end of September, 1*2 per cent of these 
plants showed definite symptoms of Small-Leaf disease. 

Broach Farm. — Two hundred and fifty-four healthy plants of B.D.8 cotton 
were ratooned and 1*2 per cent of these were infected. 

Lamhhvel and Bhumel {Kaira district ). — No disease was observed in Eozi 
cotton in the first year. In the second year crop, i.e., the first ratoon, 3-26 per 
cent plants were diseased out of 675 plants examined ; whilst in the second 
ratoon that attack was greatly intensified, about 35*7 per cent of 1,120 
plants examined showing infection. 

Village Jamania in the Surat district . — An area of about seven acres under 
1027 A.L.F. was examined, but only one diseased plant was observed, although 
cotton is commonly grown as a ratoon crop in this tract. It appears that the 
ratoon crop of Rozi cotton in the Kaira district is more liable to disease than 
1027 A.L.F. 

Dhanvar Farm. — After uprooting all diseased plants, the apparently healthy 
plants were cut back on the 12th June 1934, leaving about six inches of stem 
above-ground. Most of the plants sprouted as there was good rain in the 
month of June. Whilst many plants put forth normal leaves and branches, 
the leaves on some of them were very small, irregular in shape and much 
crowded near the sprouting buds; the latter plants did not make much growth 
but for want of definite symptoms, they could not, however, be classified as 
diseased. About two months after sprouting, the leaves on these suspected 
plants began to wither, and by the middle of September, twenty-four out of 
303 plants under observation showed definite symptoms of Small-Leaf disease. 
Of these twenty-four plants, four were stunted in growth from the beginning, 
and the remaining twenty plants became infected later in the season. 
Unfortunately, however, both the healthy and diseased plants withered due to 
lack of rains, and no further observations could be made. 

Gadag Farm.- — The cotton plants were cut back on the 25th May 1934. Out 
of 378 plants, 257 plants sprouted, but all withered due to lack of rains. 

Conclusions 

It may be noted that, besides ascertaining the extent and the amount of 
damage caused by the disease, one object of the survey was to accumulate 
preliminary evidence relating to the nature of the disease. The information 
collected during the year, though of a preliminary nature, points to the disease 
being a teratological malformation. 
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SUMMAEY 

The disease is of widespread occurrence and affects varieties of cotton of 
the Herbaceum type; none of the Negiectum types has been found to be 
infected. The disease does not attack foreign varieties of cotton. 

The disease was much less in evidence during the year under report. The 
severity of attack varies from year to year. 

In the Kaira district the disease is serious in the first and second ratoons, 
although the crop in the first year is free from it. The damage to the second 
ratoon may be as high as thirty-five per cent. 

The symptoms of the disease have been described. The important symptom 
is the reduced size of the leaves which appear in clusters. The affected plants 
are sterile, and the fioral organs show teratological malformations. 

No evidence has been obtained that parasitic organisms are associated with 
the diseased plants; nor does the disease appear to be caused by insects or by 
soil or climatic conditions. The disease was not transmitted to healthy plants 
by insects taken from naturally infected plants nor by the juice expressed 
from the diseased plants. Experiments on the transmission of the disease by 
grafting were inconclusive. 

Observations on the disease in ratoon cotton at various places have been 
summarised. It appears that the Eozi cotton is more liable to disease as a 
ratoon crop. 

The writer is grateful to the Indian Central Cotton Committee for the 
provision of funds which enabled him to do this work. 
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(With Plato XXXII) 

The prominent vegetative part of the sorghum plant is usually devoid of 
marked purple pigmentation. In red-grained varieties there is a reddish sap 
colour that appears mostly at the margins of the leaf, when it begins to dry 
up. Apart from this colour, sorghum does not show much distinguishing 
purple pigment in the vegetative parts. Such colour differences as there are 
seen only in the grains and in the dry anthers. Ther eis thus an absence 
of noticeable purple pigmentation in the vegetative parts. This pigmentation 
is however potential and is activated on mechanical injury. This pigment is 
anthocyanic and does not colour the mechanical tissue. 

Since the inception of the intensive study of sorghums in Madras in 1923, 
millions of individual plants from many varieties have been marshalled for 
examination and till the year 1931 no instances have been met with of a plant 
with internodes brownish purple and the midribs coloured likewise. This 
brownish purple was not anthocyanic, and seems to be somewhat similar to the 
brown of the brown midrib in maize. [Jorgenson, 1931, and Burnham and 
Brink, 1932]. ' 

In the variety of Periamanjal cholam, the prominent grain sorghum variety 
of Coimbatore, intensive selection work has been in progress for a number of 
years. Among the selections of this variety, which is green-stemmed and whose 
leaves have a white midrib, there occurred in 1931, a brownish purple mutant. 
This mutant, while being very slightly shorter and weaker, was in general 
configuration like the rest of the population, only it had brownish purple-lined 
internodes and leaf-sheaths, and brownish purple midribs in the leaves. The 
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internode colour was present even on the portions of the interxiode covered 
by the leaf-sheath. This plant bred true. Crosses between this mutant and 
a plant of the mother population showed that the colourless internode and 
midrib were dominant, setting down this brownish purple mutant as a defiilite 
recessive. The second generation plants gave the following segregations. 


Family Xo. 

Fg segregating for 

Green intemode 
and leaf-sheath, 
white midrib, 
etc. 

Brownish purple lined 
intemode, leaf- 
sheath, midrib, 
etc. 

A.s. zm ... 

* 

121 

37 

„ 3645 . . . 

• 

127 

41 

Total (observed) • 

• 

24S 

78 

„ (calculated) 

• 

245 

81 

x^==0-15, 


P > 0-5 



It will be seen that the segregation is monofaotorial and that the mutant 
has proved a simple recessive. 

Sections of the stem, exposed roots and panicle branches show that the 
pigment colours the mechanical tissue of the plant (Plate XXXII). It may be 
noted that the coloured stems %vere a bit harder to section. 

The first traces of this brownish purple pigmentation are noticed when the 
seedlings are even a week old. The midrib is the earliest to develop the 
colour. The upper surface of the midrib is coloured brownish purple, while 
the lower surface is more deeply coloured, with an accentuation towards the 
ridge of the midrib. The intensity of colour in the midrib increases with the 
growth of the seedlings, and in about thirty to forty days after sowing the 
leaf-sheath also begins to manifest the pigmentation in lines. In due course 
the other parts of the plant, viz,, internode, panicle branches, glumes and even 
the exposed roots develop the colour. It is during the milky stage of the head 
that the deepest manifestation is noticed and at this period the stem, exposed 
roots and glume nerves are of a good brownish purple colour. After the 
milky stage there is a gradual falling-off of the colour, first in the midrib, then in 
the leaf-sheathi panicle branches and glume nerves. In the midrib a faint 
brownish purple over a yellowish background is retained to' the last. The 
colour in the internode remains even after- harvest, but gradually fades into a 
pale brownish purple tint in the stripped dry stalks. 
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Brownish 

Green 

purple 

. 320 cm* 

270 cm* 

. 80 grms* 

70 grms. 

. 330 grms. 

250 grms. 

to be kept up, 

the disab 


The non-existence of this brownish purple type in current varieties and 
this rare occurrence as a recessive mutant connoted probable disabilities. Over 
300 plants in each of green and brownish purple internodes were examined and 
the following notes recorded: — 


Average height of plant 
Average weight of earhead 
Average weight of straw . 


of the brownish purple going with it. The brownish purple plants Were more 
juicy than the green ones at about the milky stage. Later on they dried up 
more rapidly than the greens and left lighter stalks. 

Sorghum varieties vary in their juiciness, height, weight of earheads , and 
other economic characters. The particular disabilities of this brownish purple 
mutant are therefore by themselves not likely to have been the deciding factors 
in the rarity of their occurrence. This mutation in sorghum may therefore be 
an echo of an ancestral equipment. Inhibitory factors with favourable 
physiologic reactions have probably operated to suppress this pigmentation and 
create the wide group of grain sorghums devoid of brownish pigmentation in 
their mechanical tissues. A factor gives a mechanical tissue coloured 

brownish purple. Mts gives the ordinary green internode of the common 
sorghums. 

SXJMMAEY 

The occurrence, as a mutant, of a sorghum plant with brownish purple-lined 
internode, leaf-sheath, midrib, panicle branch, and glume^ top is recorded. The 
pigment is not anthocyanic. This mutant behaves as a simple recessive to 
the common more economic green-internoded and white-midribbed plant. A 
factor mti) gives a mechanical tissue coloured brownish purple. Mt b- gives 
the ordinary green internode of the common sorghum. 
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BANANA BREEDING AT THE IMPERIAL COLLEGE Of 
TROPICAI. AGRICULTURE, TRINIDAD 

(With a view to obtain a type resistent to the Panama disease, includin 
genetical and cytological studies on allied species) 

{Summary of work done by Prof. E. E. Cheesman and Mr. L. N. H. Larter 
as reported in the Empire Marketing Board’s Report of December 1931 
md Journal of Genetics, Vol. 26, No. 3, December, 1932, and Vol. 30 
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Gr. S. CHEEMA, D.So., I.A.S., 

Horticulturist to Government, Bombay, Poona, 


AND 
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Tmidaa. has carried out ^^\'aluabie^orTin Agriculture, 

of banana, contbining reaistan'e. t Pa„r. )Lasi 

The, following lines are a 

obtained xipto the year 1935. ^ hmi, and the results 

The importanoe of banana as a dessert fr-m’f i* -l • 

Drummond Shiels [19311, Chairman of fhl 5 ^ ^^pbasised by Dr. T. 
the Empire Marketing Board in the Committee of 

becoming more popular^n 

m this very welcome trend of public taste A record fuHy sharing 

bananas was set up in 1930 by an imnorf flo-nt f ^ consumption of 
Nearly ^000,000 of these came fromT wlt Indt. ^ 15.000,000 bunches, 
to the Home market have increased verT rapidlv Tn Th f f f 
banana industry, therefore, is importLt bin, 

concerned with securing an ample sup^rof is 

and to parts of the West Indies, wSS arf dfn 3 " sources, 

crop for their living”. depending more and more on the 
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The work detailed here is considered to be of immense value to the banana 
growers of India also. The importance of the banana crop to this country may 
be easily gauged from the fact that the Presidencies of Madras and Bombay 
alone grow 144,000 and 21,556 acres of banana, respectively, v/ith a very wide 
field for further extension. At the same time, the Panama disease has been 
recorded in several places in this country, and many flourishing plantations are 
seen to be devastated by it within a very short period. The account of work 
done at Trinidad, therefore, will be found highly valuable to the Indian growers 
and fruit merchants at this juncture. 

This summary is divided into three sections, the first dealing with the 
Breeding Work. The second and third sections deal with cytological studies 
of bananas and allied species carried out with a view to elucidate their breeding 
behaviour. Incidentally, the cytological work has thrown considerable light 
on the internal classification of the Sub-order, Musaoeae, • 

Section I 

Banana breeding at the Imperial College of Tropical Agriculture, 
Trinidad [Cheesman; 19B1, 1]. 

At the Imperial College of Tropical Agriculture, Trinidad, th;e’ banana 
breeding work has been in progress since 1922. The Gros Michel banana 
combines a variety of commercially desirable characters, but it is highly 
susceptible to the Panama disease. Several other varieties possess the character 
of being immune to the Panama disease, but they lack in commercial 
qualities. The '^building in'* together of these two sets of characters by breed- 
ing has presented a good deal of difficulty in view of the facts: — 

(1) that the commercial banana is ordinarily a sterile type producing no 

seeds, 

(2) that it is essential to induce seeds in it for any breeding work to be 

possible at all, 

and (3) that the seed-bearing character should be finally eliminated in any 
new type, which may be evolved, before it can be commercially 
unblemished and popular. 

The difficulty is further accentuated by the fact that the bananas of the world 
have not been properly studied and classified, and the present knowledge . about 
them is imperfect. ... 

Previous investigations 

The work done by Tischler [1910], D'Angremond [1912, . 1914], White 
[1928] and others has shown that the pollen formation in some, varieties like 
Dole (8 chromosomes) is regular, while it is very irregular in others like Pisang 
Klady (16 chromosomes), Eadjah Siam (24 chromosomes), etc.,, the irregularity 
apparently increasing with the increased number of chromosomes. Tischler 
[1912] found that the development of embryo-sac was normal in fertile and 

bananas. He recorded that in Java certain edible 
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types of bananas often produced seeds. D’Angremond obtained a few seeds in 
Gros Michel and Appelbacove varieties, and found pollen development in Gros 
Michel as highly irregular. The fertile varieties he studied v-ere inoie legular 
ill this respect. The work of Palm [1920] suggests similar behaviour in other 
plants belonging to Musdccct'C and ZhigiheTCtceae , indicating that this type of 
irregularity exists in the whole order of ScitaminecLC, 

AVhite [1928], who chiefly used root tips for his cytological studies of 
bananas, observed an excellent polyploid series in about 150 varieties of Musd, 
and held that the basic haploid number of chromosomes in bananas is 4. 
White further recorded that the series is not quite euploid, counts of 18, 22, 
23 chromosomes also having been obtained. 

The Pi generation produced from a cross made by D’Angremond [1926] 
between two fertile species showed that the reduction of ehromosomes is very 
irregular and that the hybrid produced little fertile pollen. He observed that 
increased pollen fertility w^as a feature of the back-cross progeny, no individual 
of which exhibited parthenocarpy. 


Details of investigations 

The banana breeding work at Trinidad was the result of the initiative taken 
by the Colonial Eesearcli Committee, -who v/ere alarmed by the spread of the 
Panama disease in Central America. Sir Francis Watts, then the Imperial 
Commissioner, proposed an extensive collection and study of banana varieties 
at a central .station, as in the case of sugarcane, in order to combine the 
commercial qualities of Gros Michel with resistance to Panama disease. In 
the year 1922, the Imperial College of Tropical Agriculture was founded at 
Trinidad, and this work was started there with the financial aid of the Colonial 
Office. 


Facilities were offered by the Trinidad Department of x4,griculture to work 
upon six varieties of bananas to start with at the St. Augustine Experiment 
Station. Dr. T. G. Mason and Professor T. S. Dash worked successively in 
the earlier stages of this research, and began investigations with a very larger 
scale pollination experiment. Several edible varieties of bananas were inter, 
crossed, as well as crossed with fertile pollen of seed-bearing types, namely 
Musa ornata, and Musa malaccensis. 

Before proceeding further, it would be proper here to describe the main 
characters of the two parental types of bananas, Gros Michel (female parent) 

and Musa malaocensis (male parent), which have played important roles in 
these investigations. i ^ 


The Gros Michel is a well-known commercial variety of banana from West 
Indies, tall and vigorously growing in habit. The fruit bunch hangs vertically 
downwards, _ and is very compact fulfilling commercial requirements! The fruit 
is about SIX inches long and tapers towards the end. When rine -iH 
an^es on the frw| wet rounded, and a bright golden yellow colour is devdoped 
This variety is, hcA^ever, highly susceptible to the Panama disease. OwS to 

its popularity, commercial importance and breedin o' notPTi+,-.i7;f;.,. , 

fa the tolWg eeeou^S th.t much hl'Xr. t'oM fa k ‘ 
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The seeded variety from which pollen were obtained to cross on Gros 
Michel was Musa malaccensis, the origin of which is not definitely known. It 
seems to be a variety of M, malaccensis EldL, which latter is itself according 
to Backer, a variety of Musa ^ehrina Nwa Houtte. Several authors consider 
M* zehfina and M. malaccensis as synonyrns, and the former name, having the 
advantage of priority, should be adojoted. The plant is similar in habit as 
edible bananas, except that it is less vigorous in growth. The fruit bunch is 
irregular and is held at an angle above the horizontal. The fruit is about 
three inches long, round and has a pronounced beak. The ripe fruit has a 
golden yellow colour. Seeds are abundant. No case of parthenocarpy is yet 
observed in the fertile species of Musa. 

As a result of cross-pollination, forty -nine perfect seeds in Gross Michel, 
and seventy-four in Silk, were obtained with pollens of the seeded types, except 
one seed which was obtained from a cross of Gros Michel by the edible type 
Congo. Of the Gros Michel lot, seventeen seeds germinated and only five 
seedlings survived to fruit. 

Side by side with breeding work, botanical and mycological studies and 
tests of resistance of varieties were also carried on separately by Professor 
Bash and Professor Ashby. Dr. S. C. Harland and Mr. Cheesman took over 
the breeding work in 1923. 

In March, 1925, one of the Gros Michel hybrid seedlings flowered and 
produced a fair-sized seedless fruit of good fiavour. This seedling was then 
labelled GMxB2. This plant resisted Panama disease during six years of 
severe test, and was re-named I. G. 1 (Imperial College 1). It had, however, 
some commercial disadvantages, and an occasional seed appeared in its fruit 
as a result of self-pollination, when it was propagated by suckers, and grown 
under ordinary banana field conditions, Purther work was continued to 
improve upon 1. 0.1. Cytological studies of the hybrids and their parents were 
also commenced at this stage, and extensive pollinations were made on a 
number of varieties. I. C. 1 was further multiplied and back-crossed to each 
of its parents. 

As a result of I)r. Harland’s visit in 1925, to several Tropical countries of 
the world, many new types of banana have been introduced into Trinidad to 
work upon. 

After several unpromising attempts with other varieties of bananas, crossing 
and back-crossing on Gros Michel were resumed in 1927, and continued since 
then. Back-crossing of I. 0. 1 on Gross Michel was for some time con- 
centrated upon as promising a type, more akin to Gros Michel but quite 
resistant to Panama Disease. But these two types proved to be cross-sterile. 
Cytological studies, however, revealed that the I.C.l seedling possesses a double 
complement of Gros Michel chromosomes, and as the results of back-crossing 
were considered uncertain, I.C.l was left as it is. The breeding problem was 
tackled from other sides of attack. 

Since it is held that the present edible types of bananas must have 
originated from wild seed-bearing types, a general survey of the genus Musa 
was considered valuable in this work. Examination of the recorded systematic 
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knowledge of Musa was, therefore, taken up. It was found that 134 specific 
names must have been listed under Musa. A much larger number of varietal 
names were found under Musa sapientum. The numerous languages and 
dialects of the world seemed to increase the number of banana varieties 
almost indefinitely, although many of them may be identical types. It was, 
therefore, considered necessary to ignore a large section which was useless for 
the problem in hand, and basing the studies on the Eumusa and BJiodochlamys 
groups, twenty seeded types and forty edible cultivated types have been 
collected at the Imperial College of Tropical Agriculture, Trinidad. In the 
elimination of identical types, rigid tests, including cool storage qualities were 
adopted. By this method of comparison and elimination, nearly a hundred 
original types are now reduced to less than thirty Standard types’" for basing 
future work upon. 

The technique of introducing these varieties has been necessarily elaborate, 
in order to minimise the import of new diseases to the central place of collec- 
tion along with suckers of the varieties. All introductions were certified as 
healthy in countries of origin, then first taken to Kew, where a special quaran- 
tine was built for this purpose. When they produced new suckers, which were 
considered healthy under the Kew quarantine conditions, the suckers were sent 
to Trinidad, where again they were further tested in an insect-proof green- 
house, before planting in the open varietal plot. This course was essential in 
the case of sterile varieties, which had to be introduced by means of vegetative 
suckers. In the case of seeded varieties, the question was much simpler, 
although seeds had to be obtained with considerable difficulty and risk from 
unexplored wild regions. 

The details of actual breeding work carried on at Trinidad can best be 
summarised under three headings, namely, 

(1) breeding from Gros Michel, 

(2) breeding from other edible varieties, 
and (3) breeding from seeded types alone. 

General summary of breeding work 

Technique, — The technique of the operations in the breeding work consisted 
of bagging inflorescences of both the male and female parents with calico bags 
before the bracts lifted in order to keep up their purity. Pollination was done 
daily in the morning on inflorescences which had just opened. A scalpel or 
camel hair brush, duly sterilised in alcohol after every change of pollen, was 
used for transferring pollen. Labelling was carefully done in each case, ^ving 
all necessary details such as pollen used, date of pollinating, etc. The bunches 
which formed were harvested when fully developed, and collected in a separate 
room for searching seeds in their fruits. Seeds of edible varieties were care- 
fully sown individually in pots, and seedlings were, after proper hardening, 
transferred to the nursery. Only suckers from nursery stools were planted out 
in the field for further obseryations keeping back enough material for <?ases of 
emergency, 
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Sterility in bananas. — Sterility in bananas is manifested in their poor seed- 
producing capacity as well as in the low germination of seeds. Seeds are 
often produced without endosperm. Even after germination, abnormal grow’-th 
or lack of vigour results in premature death of the seedlings. Erom 1,000 
inflorescences pollinated, hardly 474 seeds were produced, of which only 42 
germinated. 

B tee cling from Gros Michel 

Breeding from Gros Michel is being explored in every direction, as its 
potentialities are vast. The I.C.l seedling is not yet considered the best that 
could be obtained. In crossing Gros Michel, both edible varieties which 
produce fairly abundant pollen, as well as fully fertile species are used as 
male parents. As stated above, Gros Michel and I.C.l presented cross- 
sterility. The pollen of Gros Michel itself is also being used on other seeded 
types. A second immune seedling 1.0.2 from Gros Michel crossing was also 
used for taking pollen but it gave no result. 

Attempt is made to produce the generation of the I.C.l type both by 
artificial and natural pollination, and nineteen seeds thus produced have yielded 
three seedlings for further study. Back-crossing of I.C.l on its male parent 
resulted in abundant seeds, but not in a single economically useful seedling. 


Breeding from edible varieties other than Gros Michel 

In breeding from Gross Michel, attempt was made to combine disease 
resistance with its good characters. But in breeding from other edible types, 
which show resistance to Panama disease, the difficulty is accentuated by their 
undesirable commercial characters. Such characters would be required to be 
eliminated. Erom the breeder’s point of view, however, the preliminary ques- 
tions would be to find out the seed-producing capabilities and the kinds of 
offsprings each type might give. Work was commenced with a view to solve 
these two points on Cavendish, Congo, Sapientum, and Eillbasket group of 
bananas. 

Plants of Musa cavendishii, known as the Cavendish, Canery or Chinese 
banana, have been introduced from various parts of the world to study the 
variability within its sub-groups. The fruit of this type is of high quality. 
The chances of breeding from this group seem to be slender. No seeds are 
yet obtained although several attempts at crossing were made. 

The Congo group includes five varieties of dwarf plants. They are very 
similar to Gros Michel, being marked off from it by their resistance to Panama 
disease, cold storage qualities and breeding behaviour. Over 140 attempts to 
cross this group with several other seeded and unseeded types resulted in a 
single seed being obtained. 

Musa sapientum includes a great variety of edible bananas. They are in 
general of poor dessert quality. The pathology of this group is not exhaustively 
studied, but some of them seem to be resistant to Panama disease. These 
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varieties are studied chiefly for genetic information, and their behaviour is 
interesting. They produce a large number of seeds, most of the seeds being 
empty. Seedlings from a cross with a member of this group proved to be 
intermediate between the parents, showing no doubling of chromosomes from 
the female parent as in the case of Gros Michel. 

The Fillbasket group includes the Mysore type and has a few characters, 
which recall sapientum. The Fillbasket has resistance to Panama disease and 
wind damage; it has a vigorous habit with neat and compact biincli, good fruit 
colour, and fairly abundant seeds on pollination. But the fruits are small and 
thin-skinned. Out of fourteen germinations obtained from about 200 seeds got 
by crossing this group, eight robust plants of promise are growing in the nursery 
at the Imperial College (1932). 

Pollinations on miscellaneous edible varieties have brought out the facts 
that"— 

(1) generally seeds are more common in red varieties, 

(2) a yellow-fruited variety may often arise from red types, 

(3) Coeeenia (not related with M. coccenia Andr.) is a seecl-producing 

resistant banana with promise. 

A few pollinations on plantains have yielded two seeds, plants from which were 
studied. 

Breeding from seeded types alone 

A large number of seedlings with '‘intermediate'' characters were obtained 
by breeding from seeded types alone. These types also are generally self- 
sterile. Back-crosses on the parents of the hybrids are more succc-'sful und 
are seen to produce uniform progeny suggesting that the cliromosome complr*- 
rnents go over without reduction. D’AngremomPs [1920] trials, supported 
by the Imperial College results, show the possibility of evolving edible banana^ 
which usually have a chromosome number of 33, from seeded types wliieh have 
22 chromosomes, by raising species-crosses having 33 chromosomes. The great 
requirement is to find the proper parent species for this end, and an enormous 
amount of work will have to be done by making hundreds of crosses and back- 
crosses in future. 


Section II 

GeNETIOAL AND CYTOLOGIOAL STUDIES OE MuSA 

1. Certain hybrids of the Gros Michel banana [Cheesman, 1932] 

In the efforts to evolve a disease-resistant and commercially unblemislmd 
type of bananas, cytological study of banana varieties was considered very 
important to elucidate the breeding behaviour in the parthenocarpic forms ' 
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Professor Clieesman's, [1932] investigations detailed here do mot support 
White's [1928] theory that the basic haploid chromosome number of the banana 
complex is 4 (vide page 486), and that the common condition in edible bananas is 
octoploid, but they indicate that the basic haploid number is 11, and the 
common condition is triploid. 

Professor Cheesman's cytological investigations [1932] have been confined 
to somatic divisions and meiotic divisions in pollen mother-cells. The terminal 
bud of banana inflorescence, after it has passed the ‘‘female" (or fruit-bearing) 
stage, was cut and removed at once to the laboratory. The bracts with the 
"hands" of flowers were dissected and kept separately. The likely flower was 
crushed in a drop of water, and examined under a low power microscope for 
the condition of the pollen .grains. Flowers at the stage when they could 
be examined measured about one cm. long and two mm; in diameter. They 
presented no difficulty in fixing. Boot tips for examinataon were also readily 
obtained from rhizomes kept in a moist atmosphere in the dark, or planted in 
sand. The time between 5 and 6 o’clock in the evening was found best to fix 
the material. Desirable stages were almost invariably found at this time, 
although several fixations were necessary, before satisfactory preparations could 
be obtained. The most satisfactory fixative was found to be Tellyesnieky’s 
Bichromate acetic acid mixture (six per cent potassium bichromate and ten per 
cent acetic acid). After washing the material was treated by a modification of 
Larbaud’s [1921] method, and sections were cut at 5 jx and 10 jj. and stained in 
Newton's Gentian violet. Euparal w^as preferred for mounting. 

Cytological studies of Gros Michel, the female parent of L 0. 1 

D’Angremond [1912, 1914] and White [1928] studied the cytology of Gros 
Michel and they both agree that its diploid chromosome number is 32. But 
the number found by Cheesman [1932] based on counts made at the first meiotic 
division and in root tips is 33. 

In D'Angremond’s [1912, 1914] studies, the chromatic substance of the 
nucleus was in the form of larger and smaller grains mostly lining the peri- 
phery. He never found a typical diakinesis stage and found the anaphase with- 
the chromosomes straggling on the spindle. 

White [1928], also found the chromatic material near the periphery, and 
he describes them as definitely 32, and in many cases pairing. He states that 
diakinesis is rather brief, and at this stage, he holds, that there are eight 
unpaired chromosomes and twelve pairs. At anaphase stage, White states that 
twelve chromosomes pass early to the poles, while eight lag near the equator 
showing a longitudinal split. • • 

Gheesman’s [1932] studies of Gros Michel show that the earliest stages 
show a loosening synizetic knot having thread’s of “ the bead string structure. 
Usually several round chromatic bodies and' the /nucleolus are present. In 
the next stage, long loops, characteristtc of diplotene, are formed and the 
eonjugatbn is more than simple pairirlg. 
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Diakinesis was observed in several cases, but it was difficult to fix this 
stage. The threads break into round granules connected in rows, and the 
chromosomes were actually shortening and thickening as usual. 

The metaphase stage has various associations of which trivalents are more 
common. Two-thirds of the complements seem to be more comnionly grouped 
than the remaining one-third> A very crowded and narrow equatorial plate is 
also formed in due course. Occasionally chromosomes are seen widely 
scattered, and perhaps in such cases the plate is omitted. In the typical ana- 
phase stage, it is seen, that eleven chromosomes aggregate towards each pole, 
leaving eleven lagging of which several show signs of dividing. 

After division I, the wall or walls rarely separate simple nuclei. Lagging 
chromosomes either remain isolated, or join several together to form secondary 
nuclear bodies. An irregular second division follows, and walls then form in 
every direction. This gives rise to multicellular ''tetrads'\ 

The number of pollen grains is small, their size variable and they are 
mostly empty, 


Cyiological studies of Musa malaccensis, the male parent of J. 0. I 

^ ^The type ‘‘Seeded B”, as Musa malaccensis was labelled at the Imperial 
ollege collection, showed no indication of segregation or abnormality of any 

its genotype. This type has 22 somatic chromosomes. 
Meiosis m the pollen mother-cell is not completely regular, one or two pairs of 
o^omosomes lagging on the spindle. At metaphase of the first division, the 
c romosomes form a compact plate, and lend to counting only as they separate. 
The actual type of association seems to be five bivalents and three quadrivalents 
spaS ® gi^uping into three pairs, and five remaining more widely 

thfl persists into late anaphase, when the chromosomes show 

mlnhase Tb reappears at the homotype 

metaphase. The tetrads regularly consist of four cells (very rarely five cells) 

atouri00“ The pollen is highly unfform in size, and 

about 100 jx_ in diameter. It germinates and grows well on one ner cpnt 

sugar, and 0-02 per cent citric acid. The per- 
centage of germmation m culture has not exceeded fifty. Seeds also have kw 

p„wer Ti«. ferf. do mdbate a certam deg^M ot “ 

the seeded types of bananas also. ^ sreriuty m 


Cyiological studies of the F^generaiion, I. C. 1 
physiologically I. C. 1 alone was resistant to tht p ^ themselves except that 

«. I. c. 1 
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being less compact. The fruit is rounded at the apex. The size and ooloul’ of 
the fruit, thickness of sMn, terminal bud and male flowers are closely similar 
to those of Gros Michel. The male flowers of I. 0. 1, however, produce 
abundant fertile pollen, but the production of seeds is scanty. Fruits develop 
parthenocarpically, and are edible and of good flavour. 

The somatic chromosome number of I. 0. 1 is 44, and on the assumption 
that this represents thirty- three from the female parent plus a haploid set from 
the male, the close morphological resemblance of Gros Michel becomes 
evident. The meiotic divisions are slightly more regular than those of Gros 
Michel, but the spindles are more compact and crowded. The chromosomes 
at metaphase of the first division are grouped into some associations of high 
valency which are difficult to analyse. 

At anaphase, often both lagging and scattered chromosomes occur. Types 
of ‘My ads'* are commonly met with during the second division. Lagging 
chromosomes are cut off in wedge-shaped cells, while scattered ones are distally 
severed. A proportion have only one cell surviving while the rest are dis- 
organised, The whole set occasionally undergoes necrosis. 

As in Gros Michel, multicellular “tetrads'" are formed. Eipe pollen grains 
are irregular in size, though more abundant. Viable pollen grains carry 22 
^chromosomes. 

The sister plants of I. C. 1 also gave similar results so far as they were 
examined. Among F plants produced from later pollinations, two have 
entirely differed from I. C. 1, suggesting chromosome incompatibility by their 
very appearance. One of these plants was very dwarf, but both of them 
showed 75 chromosomes. Counts varied from cell to cell, and it may be 
that the true count is 77 (which is a multiple of the original basic haploid 11), 


Gytological studies of the F generation 

In the F., generation, I. 0. l exhibits a high degree of self-incompati- 
bility, although it has abundant pollen and seeds fairly well with pollen of 
Musa malaccensis. Fifty-seven inflorescences produced twelve seeds of which 
only two germinated, when pollinated by hand. Left to natural pollination 119 
bunches produced but nineteen seeds, of which only three germinated. The 
vegetative habit of all of these is similar to I. C. 1. In three cases, however, 
the somatic chromosomes were 44, while in the other two they were 46. A 
giant cell in mitosis gave 92 chromosomes. 


BaoTc-cfosBes on Of os Michel 

Pollen of I. 0. 1 used on the female parent, Gros Michel, set even less 
seed than I. 0. 1 itself. The relative compatibilities of the original parents 
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Sitionsf pollinations were tried under similar 


Cross 

Inflorescences 

j Seeds set 

Geitnination 

Gros Michel x If. malaccemia 

35 

35 

10 

Gros Michel X LC.l 

24 

1 1 

0 

I. G. 1 X I.C.I . . 

57 

12 

1 


six'feet%'Sfrt;rS ^tt-ned a height’ll 

exhibited characters ^of the male I’^oli and fruits 

parthenocarpically developed and seedless The^n .1 

and quite sterile. ‘ ® flowers were few, irregular 

_ The pollen mother-cells from the terminal rmnlp'i i i 
irregular m shape, varying from ovnl u ^ remarkably 

two or more cells are TsL iSieTthtl Oecasiouallv 

The nucta i, J » 1* a..gs o, 

most abundant and chromosomes stracrawr i \ ^ anaphase figures are 
som. count, g.ve 37 and thTii Jr?'’' «“ r '’■='»“<>• 

one oeU waU i. ™„.I, hlgllrteic ? » 'li’i^on 

second division as in Gros Michel IhL tetrads” result in the 

unbalanced form. evidently an extremely 

BacJc-crosses on the male parent, M. malaccensis 

sister hybrid,” GMlfiB6l1 Tet “etds ^Sh ZT ^ 

seedlings fimited, the two families resemWed on?” 1 

second family, therefore, considered ?nnf «l°sol^- Tlif. 

r c. X 

jn,K 

cases. The shape of the fruit and of the termifl^r? “ some 

gation on any simple numerical basis was not oSSvL 

duals. In thie”ca”s^”“he?i^ere°3?^X””- ® numbered 83 in fourteen indivi 
I. c. 1 carried 22. ^ ™ much of the viable pollen ? 
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In five individuals studied, the meiotio divisions were seen to be similar 
and in one of them more closely so. In the first metaphase, a compact plate is 
formed and as the chromosomes separate, multivalent associations are seen. 
There is little lagging in the anaphase. At this stage, the chromosome counts are 
short of expectation, and on searching, the cytoplasm reveals obliterated 
ciiromosomes. At the close of the irregular first division, wedge-shaped cells 
are seen cut off between the main daughter cells in the dyad. 

Although the second division begins with nuclei of varying constitution, k 
is fairly regularly equationah Polar views of metaphase give counts from 13 
to 20, with 16, 15, and 14 as the commonest. The tendency of both divisions, 
therefore, seems to be towards the elimination of 11 chromosomes, and forma- 
tion of 11-chromosome pollen grains. The process is not seen to be complete. 


Discussion 

It is thus evident that the chromosome number in the ' 'normal' ' hybrids 
and the increased pollen fertility presumably resulting from it support 
the view that the basic haploid chromosome number in bananas is 11. Cross- 
ing of M. malaccensis with Gros Michel as well as with some other edible 
bananas results in a combination of the female somatic number with the male 
haploid number. A case of doubling of the male component together with 
pollen fertility is also mentioned by White. The explanation of this pheno- 
menon, however, is not clear. 

The 44-chromosome hybrids obtained from Gros Michel and Musa 
malaccensis differ physiologically in their resistance to Panama disease, 
although they look like identical genotypes in other respects. Several ways 
seem to present themselves in which this 44-chromosome complement is. possi- 
bly made up, by descent from two parents having 33 and 22 somatic chromo- 
somes, respectively. A similar case of the possibility of chromosome increase 
after reduction is cited in sugarcanes by Bremer, which supports the present 
hypothesis that the female chromosome complement passes on undiminished, 
while only a haploid complement is transferred by the male parent into the 
hybrid progeny. 

About twenty per cent of the hybrid seedlings exhibit a higher chromosome • 
number than the sum of the somatic numbers of their parents, and their 
explanation is difficult to guess. , 

The hybrids, like the I. C. 1, show that they receive their main contri- 
bution from the female parent, but the constitution of this parent itself is not 
known. The parent, Gros Michel, how^ever, seems to be a triploid and a 
descendant of the Musa malaccensis group. The added complication of secon-r 
dary polyploidy is also suggested in the case of bananas. However, the 
possibility of raising a tetraploid from a commercial triploid, and restoring it 
back to tlie triploid condition is demonstrated in these investigations and the 
practical results obtained are very satisfactory. 
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2. Hybrids of the Mysore banana [Gheesman, 1932] 

An edible type named ‘‘Mysore'' (Yella Bale) imported into Trinidad 
from Southern India (and perhaps named after the Indian State, Mysore) was 
also crossed by pollens, from Musa malaccensis by Prof. Cheesrnan “in quest 
of genetic information". The Mysore is described by him as identical with 
another type called locally Pillbasket. This variety is said to be immune 
to the Panama disease, tall and vigorous. Leaves are dark green with reddish 
flush on midribs and on the lower surface of young leaves. Fruits are small, 
round, and the bunch is compact. Fruit is about seven inches long, with a 
pronounced beak, thin skin, and bright golden yellow colour when ripe. Somatic 
chromosomes number 33. 

Twenty-seven inflorescences of Mysore pollinated by M, malaccensis 
yielded 198 seeds in 1929-30, single bunches of fruits yielding as many as fifty- 
one and thirty seeds each, averaging at seven seeds per bunch. But the seeds 
germinated poorly. Six of the fifteen seedlings obtained, died in the pot and 
nursery stages. The study recorded here is therefore of the remaining nine 
seedlings only with notes on the Mysore x I. C. 1 cross. 

In the Mysore meiosis in the pollen mother-cell is the same as in Gros 
Michel, A compact plate is formed at metaphase which has multivalent 
associations, not analysed. Some chromosomes lag at anaphase, and stragglers 
excluded from the daughter nuclei are very prominent in the dyad stage. The 
second division is semi-regular, with some lagging again. Polar views of 
metaphase give varying counts both below and above sixteen. Multicellular 
“tetrads" result, and the mature pollens are very sparse. The number of 
vdable pollens in Mysore variety is very negligible. 


F j generation 

Six of the nine plants mentioned above had 44 chromosomes, and resembled 
their female parent in vegetative habit, while two had 75 and 73 chromosomes, 
with thick leaves and dwarf growth. One with 33 chromosomes exhibited wild 
type habit. The fruits in one plant with normal habit failed to swell without 
pollination, and developed seeds when they did. Two plants showed partheno- 
carpy. The thick-leaved plants were similar in habit and chromosome number 
io the progeny of Gros Michel, and two of these which died prematurely also 
showed the same habit. The plant with 33 chromosomes was intermediate 
between the two parents. 

In meiosis the usual compact metaphase plate occurs and the semi-regular 
anaphase exhibits varying number of lagging chromosomes. At the dyad 
stage isolated chromosomes are seen either cut off by the cell walls or lying 
free in the main daughter cells. The tetrads are mostly multicellular and 
the pollen irregular in size, but fairly abundant in quantity. 
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The cross Mysore xL 0, 1 

With considerable difficulty the Mysore (a triploid) was successfully crossed 
With I. 0. 1 (tetraploid), and a tall and dwarf plants were the progeny, with 
54 or 55 and about 90 chronaosomes each, respectively. The larger plant 
which frequently gave counts of 55 chromosomes, appears to be a pentaploid, 
while the dwarf plant which gave clear counts of 90, suggests the approxima- 
tion to 88. 

Section III 

1 

Chromosome numbers in the Musaceje 

With a view to test the preliminary conclusion that the basic haploid 
number of chromosomes in the edible bananas is 11, Professor Cheesman, in 
collaboration with Mr. L. N. H. Larter of the Jamaica Department of Agricul- 
ture, carried out chromosome counts in several varieties of bananas. The 
work was done at Trinidad, the quarantine at Kew, and in Jamaica, and has 
thrown considerable light incidentally on the proper classification of the genera 
and species of this sub-order also. The following is a summary of their work 
in this line. 

Of the three sub-groups into which Baker [1893] divided the genus Musa 

L. , namely Physocaulis, Rhodochlamys, and Eumusa, the last named group is 
alone concerned with the origin of the cultivated bananas. Counts of chromo- 
somes detailed here are, therefore, restricted to this group. However^ 
material available on related sections is also examined and included in this 
study. 

All counts were made on root-tips. At Jamaica and Merton, the material 
was fixed in a modification of La Courts 2BE, consisting of-— i 

Chromic acid one per cent 90 c.c. 

Osmic €cid 2 per cent . . . . • . , ^ 15 c.c. 

Potassium dichromate ten per cent * . * , • 10 c.c. 

Saponin . . . . . ... . . 0*05 grm. 

Acetic acid five per cent • • • « • « , 20 c.c. 

Distilled water . . • « . . . . . 25 c.c. 

In subsequent treatment the material was cleared in chloroform, embedded in 
sixty per cent wax, cut at 20 p and stained with Newton's Gentain violet. 

Chromosome numbers in fertile species of Eumusa 

Musa accuminaia Colla includes several forms such as M. simiarum Knrz.j 

M. zebrina Van Houtte, and M. malaccensis Ridley. It is common in the 
Malaya Peninsula and Archipelago, and occurs in a variety of forms con- 
nected by all transitions. Crosses between some of the eight distinct clones 
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at the Trinidad collection, were found to be fertile and intermediate in charac- 
ters. Special attention was given to M. accuminata, as it is considered to 
be the probable parent of some of the dessert bananas. 

While recording these counts, considerable difficulty had to be overcome 
in fixing the nomenclature of the varieties under study, and out of 29 chromo- 
some counts on fertile Musa varieties, the somatic diploid number of chromo- 
somes in 27 cases was 22, and in two cases 20. These twenty-seven cases 
represent at least seventeen distinct varieties, belonging to six different tax- 
onomic species. Two counts, which have 20 chromosomes, were of clones of 
M, textilis. These counts agreed with thos eof D’Angremond for M. zebtina and 
with those of White for M. accuminata^ but White records the somatic diploid 
number as 24 for M. ^ebrina and M. zebrina ccrifera obtained from Malacca. 
Counts recorded here (which include material from Yella Bale, M: sapieniwn, 
a Mysore variety) therefore confirm the view that the basic haploid chromosome 
number is 11 in the Eumusa group. 

A Musa textilis clone differed from other Eumma species in several respects, 
and would not cross readily with others. A hybrid of M. textilis with Yella 
Bale (M. sapmitum) from Mysore, however, has been raised, and is under 
study. It is suspected that some of the distinct varieties found in tlie 
Philippines might have originated from the crossing of M. sapientiim and M. 
texttlt8» 

Some undetermined species are collected at Trinidad Imperial College of 
Tropical Agriculture, one of which has the habit of edible bananas, but 
is very fertile with hermaphrodite flowers at the base of the inflorescence. Twt - 
of these were obtained from the Boyal Botanic Gardens, Calcutta, under the 
common Burmese name *'Taw Byaw'/. 


Chromosome numbers in sterile clones of Eummsa 

The great difficulty in studying edible bananas due to their indefinite 
nomenclature has been fairly overcome by comparing living plants of several 
varieties, received under different labels and planted side by side. Study or 
nearly a hundred varieties during the past ten years, in which chrornosoino 
counts formed part of "the comparison, has enabled the varieties to be reduced 
to less than thirty, tWenty-five of which are considered distinct types. Some 
of them have sub-types resulting from bud mutations. 

In identifying and classifying the many original plants received, the 
original labels of each are kept intact, and new numbers and standard names 
are adopted for each on the basis of the groups in which they fall. Each 
number and standard name denotes a type, and merges several synonyms in 
it. The name of the country of origin is also maintained in each case, in 
order to avoid confusion, arising from the same name being used for different 
varieties in different countries. Difficulty is still noted in the case of a few 
varieties in determining the true countries of their origin. 
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Prom the cytological studies of Professor Cheesman and Mr. Larter. it is 
dear that in general Eumusa species have 22 or 33 chromosomes. In the 
sterile varieties the chromosomes are 33 except in four varieties studied, where 
they are 22 only. Edible varieties are, therefore, generally triploid. These 
studies bring out a fact which materially differs from White's findings, based 
on 32 and 36 chromosome counts recorded by him. The present view is in 
agreement with D'Angremond's results, and is supported by a great deal of 
evidence. Individual discrepancies noticed in counts of chromosomes are 
attributable to fragmentation, as observed in Ventricosa, Branca, and several 
clones of Cavendish. In Branca 32 chromosomes plus, a fragment are seen, 
which may be chimerical. In Cavendish three conditions of fragmentation 
are noticed, namely, 33 chromosomes, 32 chromosomes and two fragments, and 
33 chromosomes and one fragment (the fragment possibly being a detached 
portion of one of the normal chromosomes). Fragments are noticed in Canary 
and other clones also, and fragmentation is perhaps comiedted with the excep- 
tionally high degree of sterility found in breeding from them. 

Oecasionally a doubling of chromosomes, as well as binucleate cells and 
xjells with three or more nuclei also, are seen. As previously pointed out, 
tetraploidy in the hybrids from Gros Michel is not satisfactorily explained 
by the hypothesis that unreduced eggs might be functioning. The more satis- 
factory explanation of tetraploidy, based on the present observations, is per- 
haps that somatic doubling of chromosomes occurs in the zygote after fusion of 
the haploid gametes. It is also possible in the alternative, that the fusion 
or loss of chromosomes occurs during mitosis, because different roots of the 
same Jamaica seedling gave counts of 31, 32, 33, and 34, chromosomes. 


OJiTomosome numbers in other sections of Musd 

One species of Physocaulis examined, namely, M. ensete gave the somatic 
diploid chromosome number as 18. White [1928] also found the same number 
in M, Gilletti. This observation suggests the possibility that in Physocaulis, 
the basic haploid number of chromosomes is 9. 

Three varieties of sub-genus Ehodochlamys, namely, M. coccineu, M, vio- 
and Musa species undetermined from Sarawak, have given counts of 
20 chromosomes each. The two counts of 20 chromosomes in clones of M. 
textilis recorded above under Eumusa, and the differing vegetative habit of one 
of them may be now interpreted to suggest that these two clones are nior#-.; 
closely related to Ehodochlamys than to Eumusa. Similarly, cytological evi- 
dence shows that M. ornaia would rightly fall under Eumusa rather than under 
Ehodochlamys. Some other species also show greater affinity for M, omata 
than for M, violaseens. This suggests that Baker's grouping under Ehodo- 
chlamys is not quite natural. These studies show that the probable basic 
haploid number in Ehodochlamys is 10. 
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Chromosofne numbers in other Musacea 

Owing to the varying number of basic haploid chromosomes in the different 
sub-genera of Musa as noted above, counts of other species of Musacece, 
namely Heliconia, Strelitzia, and Bavenala, were also made with a view to 
ascertain the true and common basic haploid number for the whole sub-order, 
if pobdible. This end, however, has not been reached. 

Six varieties of Heliconia were studied. They indicated a diploid condi- 
tion. One of them had 22 and the rest 24 chromosomes in them, the pairs 
varying in their lengths. One of the 11 pairs seen in the first variety was very 
long, perhaps due to the fusion of two normal pairs together, or it may be 
that'f’-agmentation occurs in the remaining five varieties, which fact accounts 
for the laiger number of chromosomes found in them. 

By similarity of chromosomes, Strelitzid and Revetidld appear to be more 
closely related to one another than to Hdliconia. The chromosome morphology 
of these two genera also is similar to that of M. coccinea and M. textilis. Rave- 
nal’j^ madagdscdriensis has a diploid chromosome complement of 22. Strelitzic. 
Regina e has a complement of 14 chromosomes, and stands alone with a number 
lower than 11, 

These cytological findings, therefore, confirm the conclusion drawn by 
Humphrey that Musacece are a heterogeneous group. The observations 
recorded here euxphasise the heterogeneity not only in the family Musacece but 
within the genus Musa itself. 
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ABSTRACT 


Fibre'-'Baatiirity of Iiidiao cottons. A, N, Gulati and N, Ahmap (J. 0* (7. G« 

Tech, Bull, Ser.B, No. 1% 

Among the physical properties of cotton fibre the mean hfore-leiigth and fibre- 
weight per inch have been regarded important for some time past. Recent work 
has brought out the importonce of another property namely, fibre-maturity, 
which is a measure of the thickness of the cell wall of the fibre in relation to its 
ribbon width. This property is determined by grading fibres under a micros- 
cope after they are swollen with 18 per cent caustic soda solution. The influence 
of environment and heredity on this property and its relationships with other 
fibre properties and the yarn characteristics of cotton formed the subject of an 
investigation, which was recently undertaken at the Technological Laboratory 
and described in the Technological Bulletin, Series B, No. 20. 

Tor the purpose of this investigation thirty-two cottons were selected, out of 
which thirty were grown in India. The results obtained were analysed with 
the object of studying (1) the effect of season, locality of growth and heredity on 
fibre* maturity, (2) the relationships between the fibre-maturity and other 
principal fibre properties and (3) the influence of fibre-maturity on the neppiness 
and strength of the yarns spun from these cottons. 

It was found that in. some cottons fibre-maturity fluctuated from season to 
season, while in others seasonal fluctuations were quite small. Gadag 1 and 
Karunganni 0.7 are examples of the former while 0.A.9 and Mollisoni illustrate 
the latter. It was further found that samples of Baniila cotton grown in 
diffei’erit parts^ of Khandesh showed significant difierences as regards fibre- 
maturity, while further selections from P.A. 289F grown at the same place 
t-Lyallpur) also showed significant difierences. These results indicate the desir- 
ability of exercising caution in supposing that selections will follow their 
parental stock in respect of fibe-maturity or that a cotton which gives good 
result?? in respect of fibre-maturity when grown at one place will behave equally 
well when grown at another place even in the same cotton growing tract, 

As regards the relationship between fibre-maturity and other fibre properties, 
it was observed that on the whole the short-stable cottons possess high fibre- 
maturity, while the long-staple cottons generally possess a relatively higher 
percentage of immature fibres. Fibre-weight and fibre-strength were found to 
be positively correlated with the percentage of mature hairs in a cotton. 

The most important effect of the presence of immature hairs in a cotton is 
the production of neps in the yarns spun from it. The half mature hairs also 
appeared to be a secondary cause in the formation of neps. The correlation 
coefficient between the combined percentage of immature and half mature hairs 
on the one hand and the number of neps per yard of yarn on the other was 
found to' be as high as 4-0*67 for twenty-ieght samples. These experiments 
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definitely show that cottons possessing a high percentage of immature and half 
mature hairs should, so far as possible be avoided, as they would yield neppy 
yarns. 

As regards the effect of fibre-maturity on yarn strength, it was found that 
in long and medium staple cottons, high fibre-maturity went hand in hand with 
high yarn strength, while in the short staple cottons the reverse was the case. 
ThuSj in the selection of medium and long staple cottons, due regard should be 
given to fibre-moturity besides the other fibre properties like mean fibre-length 
and fibre-wfight per inch. 

Full details of the investigation will be found in the bulletin referred to 
above (Authors* abstract). 


NOTE 


RESOLUTIONS CARRIED HY THE SIXTH INTERNATIONAL 
BOTAISICAL CONGRESS (AMSTERDAM, SEPTEMBER 

2—7, l.>;55) 

1, General Resolution 

It is proposed that the Botanical Section of the International Union of 
Biological Sciences should act as an administrative connecting link between the 
successive International Potanical Congresses, which maintain their full inde- 
pendence from an international point of view to such an extent that any country 
which has not joined the Union, will have quite the same rights as those 
which have joined. 

It is proposed that this B'otanical Section be authorized to carry through 
any rebolutions, carried by the International Botanical Congresses. 

Proposed by A. C. Seward and seconded by J. C. Schontb, G. J. Butler, 
E. D. Eerrill, N Nemeo, M. J. Sires and N. E. Svedelius.- 

General Resolution 

By reason of the growing financial difficulties and the prohibitive price 
for ce‘‘tain museums and laboratories, of transmission by post, rail and boat, it 
becomes impossible to guarantee the indispensible exchange of collections of 
dried plants. It is therefore necessary to obtain for this exchange the free 
transport now accorded to the exchange of scientific publications. 

The Congress asks the Office of the International Union of Biological 
Sciences to take the necessary steps with various governments in order to 
obtain this postal privilege. 

Proposed by B. G. P. Hoohreutiner and seconded by H. Humbert, E. D. 
Merrill, A. A. Pullb and C. Skottsberg in the name of the meeting of Bireo** 
tors of Botanical Gardens. 


Section Agr, 

That the Seventh International Bbtanical Congress shall arrange a Section 
for Agronomy on the same lines as that of the Sixth Congress* 

Proposed by the Section for Agronomy. 
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4. Sections Cyt, and Gen: 

That the Botanical Section of the International Union of Biological Sciences 
on behalf of the Sixth International Botanical Congress may apply to the 
International Committee for Genetical Congresses for the appointment of an 
intern.-itional Committee to study the di:fferent meanings of various cytological 
and genetical terms used in the literature, to propose exact definitions of these 
terms and to suggest if and what further steps are necessary to improve the 
ter!oiriolugy of genetics and cytology. 

Proposed by P. W. Sansomb and seconded by M. J. Sires. 

5, Sections Cyt. and Gen. 

The Sections of Genetics and Cytology of the Sixth International Botanical 
Gongr'^'SS take the occasion of their presence in Holland to record the deep 
sense of debt which the sciences of Genetics and Cytology owe to Hugo de 
Vrics, It is a satisfaction that he could live to such a ripe old age and thus 
see iinpc.sing structure which has been erected on the foundations in the laying 
of which his painstaking investigations and prophetic vision had so large a 
share. 

The Honorary Secretary of the Congress is hereby requested to spread^ 
this resolution on the minutes of the Proceedings and to send a copy to Mrs, 
de Vries with the sympathy of the Congress and with the assurance that Hugo 
de Vries will remain for all time an inspiration to biologists and live as one of 
the irumortal heroes of Science. 

Proposed by A. P. Blakeslbe and seconded by P. Obhlkers and E. W. 

SiNNOTT. 


6. Section Geo. 

The Sixth International Botanical Congress at Amsterdam, 1935 appeals 
to all botanists and cartographists with the request that they should employ 
for the sariie plant communities the same colouring and for sociologically related 
plant Cx^minunities, especially in survey maps, similar tints, in accordarice 
with The proposals which the Pifth International Botanical Congress put for- 
ward at Carnbridge. Should the case arise necessary modifications shall be 
accounted for. 

7. Section Geo. 

The Sixth International Botanical Congress draws the special attention 
of Putlic Bodies, Scientific Institutes and Societies for the International Pro- 
tection of Nature to the regrettable danger of inconsiderate destruction of 
prhniti\e vegetation to which, in the future vast territories especially in tropical 
and sub-tropical countries, will be exposed through the nefarious practice of 
brushwood and prairie fires. 
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It points out the often radical changes brought about by this practice in 
the biologic complex constituted by the community of plants and animals. On 
the one hand, a very great number of species are threatened in a short time 
with total extinction ; many of them being of the greatest interest from the 
scientific, aesthetic and economic points of view. On the other hand, countries 
formerly covered with a woody vegetation of various types^, are becoming, or 
are in process of becoming, deserts in consequence of the changes wliieh the 
destruction of this vegetation produces upon the local climate, the hydrologic 
condiiions and the physico-chemical characters of the soil. 

The Congress emprasizes the necessity: 

(1) Of constituting in these countries permanent and fairly extensive 

reserves for safeguarding the equilibrium of the natural conditions 
and the living members of the vegetable and animal kingdoms 
(National Parks); 

(2) Beside the territories thus constituted as permanent Reserves, to 

lessen in some measure the consequences of the deforestation and 
exploitation by maintaining an adequate proportion of forest 
areas, taking this in its widest sense; 

(3) To prevent the substitution of natural formations of woody autoch- 

tones by those of exotic species (in accordance with the conclusions 
of the' International Conference for the Protection of the Fauna 
and Flora of Africa, London 1933). 

Proposed by H. Humbert, P. G. van Tibnhoven and seconded by E. Bouit* 
LENNE, J. BuRTT DavY, A. CHEVALIER, L. EmBEROER, A. ’W. HiLL, J. JeSWIET, 
P. Leeoux, R. Mairb, E. D. Merrill, G. Negri, I. B. Pole Evans, J. Rams- 
BOTTOM and A. Wilozek. j 

8. Section Geo, 

The Sixth International Botanical Congress is conscious of the great 
dangers, that result from the destructions of tropical and subtropical vegeta- 
tions, and also of the perturbations caused in such regions by the action of 
man. 

The Congress insists upon the study of these problems by the botanists of 
these countries and that they may inform their governments. 

The Congress demands especially that these informations shall be collected 
and that they shall be published in view of a most efficient protection of the 
indigenous vegetation. 

The Congress appoints a Committee for studying this subject and for 
submitting a report to the Seventh Congress. The following members of this 
Committee are nominated: L B. Pole Evans, president; H. Humbert, B. D. 
Merrill and J. Nabelek, vice-presidents; R. Bouillenne, H. Brockmann 
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Jekosch, A^Chevaliee, L. Embeeger, A. W. Hill, J;. Jeswiet, P. Ledoux. 

B . Maire, G. Negri, L. E. Parodi and M. P. Gallego Qgeeo and as Secre- 

taiy J. Troghain. 

Proposed by I. B. Pole Evans and seconded by H. Humbert. 


9. Section Geo, 

That the programme of the Seventh International Botanical Congress shall 
contain the study and the delineation of the characters of the various types 
0 ^ steppes, their ^origin, their development and especially the discriminative 
cnyia for climatic associations and secondary associations which get confused 
under the names “steppe”, “prairie”, “Savannah” and the definitions of the 
ccrresponding phytogeographic regions. 

Proposed by iH. Humbert and seconded by L. Embeeger, H. Gams E 
Maiee, E. Bouillenne, A. Eig, G. Negri, J. Trochain, H. Bojko, P. Lbdoux, 
A. OoiTABI), E. WiLOZEK, E. ScHBID and J. PoDPERA. 

10. Section Geo, 

A committee shall be appointed to elaborate proposals for a classification of 
climates from a phytogeographical point of view and to submit them to the 
Seventh International Botanical Congress. 

Proposed by L. Embeeger, and seconded by H. Brockmann Jerosch S P 
Aghaekar, a. Chevalier, A. Eig. H. Gams, H. Humbert, P. Ledour, T. 
Lippmaa, E. Maire, G. Negri, E. Pampanini, I. B. Pole Evans, J. Trochain. 

11. Section Geo. 

The Geohotan'eal Section of the Sixth International Botanical Congress 
recommends : 

(1) to use the term Sociation for vegetation units characterized mainly 

by dominance in the different layers, in the sense of Scandinavian 

plant sociologists ; 

(2) to use the term Association for vegetation units characterized mainly 

by characteristic and differential species in the sense of Zurich 
Montpellier plant sociologists, or at least for units of the same 
order of sociological value; Siih association and Facies can, where 
necessary, be used for their subordinate units; 

(3) to unite sociations and associations into alliances in the sense of 

Zurich-Montpellier plant sociologists, and the alliances into higher 
units. 

Proposed by J. Braun Blanqubt, G, E. Du Bietz and R. Nordhaoen. 
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12, Sections Myc. ajicl Path. 

The Sixth International Botanical Congress wishes to express its sincerca 
appreciation of the admirable work aeeomiDlished by the Ceiitraalbureau voor 
Schimmelcultures at Baarn since its foundation in 1906 and views with grave 
concern the present financial difficulties of what is essentially an international 
institution. 

Proposed to the Section Myc. by J. Eamsbottom and seconded by E. J. 
Butler; to the Section Path, proposed by E. E. Ehiem and seconded by E. 0. 
Stakkan. 

13. Section Path. 

The Committee on Description and Nomenclature of Plant Viruses aiipoint- 
ed by the Eifth International Botanical Congress, 1930, wishes to report tliat it 
has made progress in developing a scheme for the nomenclature of plant viruses 
and suggests to this congress that the Committee be empowered to continue 
its considerations and establish an acceptable system of virus nomenclature. 

Proposed by H. M. Qaunjer and seconded by James Johnson, P. A, 
Murphy, J. Henderson Smith and G. Samuel. 

14*. Section Path, 

It is recommended that the term ‘‘physiologic race’' be substituted for 
“physiologic form” as the former seems more appropriate. It is recommended 
further that the word “race” be used in general to designate biotypes or 
groups of biotypes that differ from each other in physiologic characters. ' 

Proposed by E. C. Stakman and seconded by Miss M. Newton, Miss G. 
Millbrink and Th. Eoemer. 

15. Section Path. 

The Sixth International Botanical Congress expresses itself of tlie opinion : 

that an effective and unceasing campaign against destructive plant 
diseases and insect pests can be successfully persecuted only by 
international action and mutual co-operation ; 

that close and frequent international discussion of the problems of plant 
quarantines should take place to bring about improvement of the 
health conditions of plants and plant products offered for export; 

that it unanimously recognizes that such section will greatly facilitate 
international trade in the commodities concerned; and 

that, finally, this resolution be brought to the attention of the League 
of Nations, emphatically endorsing the League’s proposal to give 
this ^matter the urgent and careful consideration with a view to 
facilitating and expediting the purpose and aims of this resolution. 

Proposed by H. T. Gussow and seconded by N. van Poeteren. 
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16, Section 8ys. 

The Sixth International Botanical Conoreciq -fh -p n 

KeadLT Intemational Standing Commitfel for Urgent T™oloSio 

® '5* a The book should not treat the 

whole content of De CAnnoon’s ■■Phjtogr.phie''; it should ™. 

pare a new conrpdation of the oolloctions represented in thrUS 

hlfoTtV' 

(2) of Type Specimens. The Scheme to photograph the 

types of all plants is important, and should be encouraged, but 

are^restrilttl ’ *1^0 means of most -Institutes 

to tfe Congr^.""""* 

-'TT! Terminology. The Dictionary 

should be restricted to Phanerogams. The Cryptogams are to bl 

wor e out by specialists of the individual groups. The Latin 
G™ For in English, French and 

ZTTn:,J 

such countries should supply translations. All terms would be 

given m alphabetical sequence. At the end, the most important 

teTtLfoS 

specimens of the Linnean type speei- 
phoTo^aphed Museum Ahould be 

>Coo International Standing Committee for Urgent Taxonomiia 

17. Section Sys. Subsection Norn nclature 

of BlfauLlf ^ ''“‘“"“‘“oal Rules 

Editor), Dr. Srui auI pruLo w ■' (0“™I 

in whi’ch the/jS“t Itlfflculr™™’ 

sanchons the appointment of the Standing Committees by this Section ^ 
Proposed by E. D. Merrill and seconded by L. Diels. 
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RECENT PUBLICATIONS OF THE IMPERIAL 
AGRICULTURAL BUREAUX 


I. ObTAINABLII FROM THE IMPERIAL BhREAH OF SoiL SCIENCE, KOTHAMSTEB EXPERI- 
MENTAL Station, Harpenden, Herts 

{All Publications are sent post free from the Imperial Buremi of Soil ScmiceJ 

Price 

1. Publications relating to Soils and Fertilizers 

Monthly lists, with brief abstracts of all current papers and pamphlets 
indexed by the Bureau. The papers are classified by subjects, according to 
the Decimal Classification, and the lists are duplicated in a convenient 
form for cutting out the separate entries and filing them in an index, if 
required. 

Price IO 5 . per annum, post free, separate copies each . . • , I 5 , 


2. Monthly Letters 

These consist of short accounts of outstanding pieces of recent research 
and of matters of general interest connected with the Bureau’s activities* 
They are sent free, within the British Empire, to all recipients of Publica- 
tions relating to Soils and Eertilizers. Outside the Empire, or when sold 
separately, a charge of 4^. per annum is made. 

Separate copies, each . 

S. Publications on Soil Sr hnce issued from the Empire Overseas 

Bibliographical lists, 1933, 1934, each . ..... 


M. 


Is* 


4. Recent Developments in Soil Analysis 

A quarterly supplement to ‘ Publications Delating to Soils and Fertili- 
zers,’ containing full descriptions of recently published analytical methods, 


each 




Lists of Reprints available on loan 


Ho. 1 . 

Subsequent issues, each 
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11. Obtainable PEOM the Impeeial Bueeau op Plant Genetics (poe Oeops otheb 

THAN HeEBAGB), PlANT BeeEDING INSTITUTE, SCHOOL OP AgEICULTUEE Cam- 
BEIDGB ^ 

^ , Price- 

J ournal 
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Original article:^ 


ON THE NATURE OE REACTIONS RESPONSIBLE FOR 

SOIL ACIDITY 

PAKT IV. INTERPRETATION OP TITRATION CURVES 

BY 

JNANENURANATH MUKHERJEE, D. Sc., 

RAMPRASAD MITRA, M.Sc., 

SANTOSH CHANDRA GANGULI, M.Sc., 

BARADANANDA CHATTERJEE, M.Sc., 

Physical Chemistry Laboratory, University College of Science and Technology , 92, 

U pper Circular Road, Calcutta 
(Received for publication on IStli October 1935) 

(With twenty text -figures) 

The work on the titration curves of silicic acid sols [Mukherjee, Roychoudhury, 
Das Gupta and Chatterjee, 1932 ; Mukherjee, Roychoudhury, Mukherjee and 
Majumdar, 1934] has been extended. The method of preparaing the sols was 
as previously reported [Mukherjee et ah, 1932] and as small amounts of hydrochlo- 
ric acid and sodium chloride are not completely removed by the dialysis, several 
sols and their ultrafiltrates have been analysed for this purpose. The peculiarities 
of the titration curves observed previously required further investigation. The 
curves were often not exactly reproducible and sometimes showed [compare 
curves I, II, IV, V, VI, for sols I, II, and III ; Mukherjee et aL, 1932] changes 
in curvature simulating the steps in the curves of a polybasic acid representing 
particuls^r stages of its dissociation. Irregularities have also been observed [Sol A 
and its dilutions ; Mukherjee et ah, 1934] with sols having visible aggregates suspen- 
ded in them. In the present paper the titration curves of a series of silicic acid sols 
obtained with considerably improved experimental arrangements have been given. 
DiiBferent concentrations of alkalis and different alkalis have been compared. The 
course of interaction between the sol and neutral salts has been followed. The 
hydrogen electrode gives troubles in extremely dilute unbuffered acid systems 
and the extent and manner of variations of the e.m.f. have been noted. The pH 
values obtained from the hydrogen electrode have been compared with corres- 
ponding values from the quinhydrone electrode. 

Expebimental 

The sols were prepared and purified as previously reported. The accidental- 
ingress of carbon dioxide, oxygen and impurities from the atmosphere both into 
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connections. The new arrangement (Fig 1) was fnnnrl tn ■ 1 • mbber 

760 mm. of mercury for davs C u 7 a vacuum of 

and conductometric measurements [MuHierii Z arSf 
by the introduction of ground-in iertTy^ltw! 
a rapid and efficient intermixture betweL the sol and the t Lnfl 
view of the high resistances of the systems precaution^ hfd m I f i 

electrical leakages. The working A-nTi t ^ taken against 

with galvanised sheets) and similfir^^ ’ P* <^able which was covered 
tie electrical toting MsembtnT&r^*)?™ “““ “'1 

mental arrangement eave e m f /*»n f • in tlie expcri- 

satisfactorilyT?tL™Ss l l "f f S" t 

and a galvanometer with a current sensitivity of i°o* potentiometer 

measurements were carried out ffi '^n x 7 , 

tained at a temperature 35°C.-t0-05. ^ mated water thermostat main- 





?■ 2. Titration cell. 
dtjcibhitt ob eestjxts 

curves afford useful information and 

1C ar nnportance. As already stated i 
ten not exactly reproducible and they « 
1 curvature resembling the step3*in the 
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a polybasic adid. The titration curves obtained with the improved experimental 
technique are free from the kinks previously observed. There is no evidence of 
stages of neutralisation characteristic of polybasic acids in any of the curves given 
in this paper. Tliis is of interest in view of polybasicity attributed to colloidal 
clay acid by some soU chemists. 

The pH of the sols as observed with the hydrogen electrode sometimes shows 
wide variations. The quinhydrone electrode is not suitable for titration up to 
alkaline regions and to obtain a continuous series of measurements with the same 
arrangement it is preferable to use the hydrogen electrode. Possible adsorption 
of the quinhydrone by the colloidal particles also makes it desirable to compare 
its results with those of the hydrogen electrode. The pH obtained with the latter 
has been often checked as in the previous work with the quinhydrone electrode. 
Although the pH with the hydrogen electrode often differs considerably for the 
same sol, the titration curves are mostly identical in form and run parallel, indicat- 
ing that the electrode maintains a constant hydrogen-ion solution tension through- 
out the titration and a constant condition of the surface. This observation is 
of considerable interest. Curves 3 and 4 for sol E (Fig. 4) may be cited as an illus- 
tration. Curve 4 represents a titration which was continued for four days and 
was discontinued each evening being taken up next morning. The curves are 
remarkably smooth considering the extremely small quantities of acids present. 
Curves 1 and 2 for sol D (Fig, 3) constitute another example. 
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Tte variations in the pH as also the specific conductivities observed during 
this work are given in Table I* denotes results with the qiiinhydrone electrode ; 
the other values are those of the hydrogen electrode. The observed e.m.f. against 
the normal calomel electrode is given in the first column ; the e.m.f. (Eh) of the 
experimental cell against the normal hydrogen electrode is given in the second 
column and in calculating it the e.m.f. of the normal calomel electrode has been 
t aken to be 0 • 2823 volts at 35°C. The maximum difference from the average 
Eh is given in percentage of the average value in the third column; the pH 
calculated from the hydrogen and the quinhydrone electrodes are shown 
separately in the fourth column. The specific conductivitiesf are given in the last 
column. 

Table I 



®obs 
(in volts) 


Eh 

(in volts) 


Kaximum difference 
from average E. 
(in percentage) ^ 


Sol n. 0*6416 
0*5510 


0-2593 

0-2687 
average: 0-2640 


±1*78 


pH 


Sp. conductivity 
in mhos. 


4-24 

4-39 

average : 4-32 


5*24x30 



Sol B. 


0*4993 

0*5042 

0*5028 


0*1895(Qjjj| 

Sol F, 0-5089 
0*5089 
0*5480 
0*5447 
0*5445 
0*5426 


Sol G, 


Sol H 


0*6095 

0*6120 

0*6128 

0*6440 

0*6300 

0*6215 

0*6383 

0*6248 

0*6170 

0*6445 


0*5280 

0*5275 

0*4920 

0*5266 

0*5080 

0*6331 

0*5265 

0*5297 


0*1585(Qjj^ 

Sol H 12. 0*5370 

0*1466(Q|,) 

SolHfS. 0*1307(Q,,. 

0*1276(q 5< 
0*1264(Qg}| 

Sol M/ 10, 0 -5362 

0*1240(Qj^^| 

Sol BJ20, 0*6927 

0*1099(Qji)| 


average : 


average 


h) 


0*2170 

0*2219 

0*2205 

0-2197 

0*2198(Qi 

0-2266* 

0*2266* 

0*2657 

0*2624 

0*2622 

0*2603 

0*2626 

0*3272 

0*3296 

0*3305 

0-3617 

0-3477 

0*3392 

0*3560 

0*3425 

0*3347 

0*3622 


average: 0*3431 

0*2401 
0*2462 
0*2097* 
0*2443 
0*2257* 
0*2508 
0*2442 
0*2474 
0*2455 
0*2508(Qij) 

0*2547 

0*2627(Qjj) 

0*2786(Q^Y 
0*2817<q{;( 
• 0*2829(qK 
average: 0*2811 

0*2529 

0»2868(Qjj^ 

0*3104 
‘ 2994(Qjj) 


average : 


0- 


3-55 

3- 63 
3*60 

average : 3 • 59 

8*59(Qjj5 

3*70* 
3*70* 
4*35 
4*29 
4*29 
4*26 
average : 4-29 

5-36 
5*39 
5-41 
5-92 
5-69 
5-55 
5-82 
5*60 
5*48 
5-92 

average: 5*61 

3*94 

4- 01 

3- 43* 

4- 00 
3*69 
4*10 
3*99 
4*05 

average: 4*02 

4-1 (Qh)| 

4*17 

4-30(Qjj) 
4*57 (Qiy) 

[ average: 4*60 ^ 

4-14 

4*67(Q|y)| 


5*08 

4-90(Q, 


h) 


average : 


average ; 


t calculating the average valx.es. 

t The raitoWoM In the spedflc ocmduotiTlttes arise from diffusion from the salt bridge. 


3*76xl0~* 


5-20X1I}'”", 

5*43X10”" 

5*32x10"'® 

1*40x10""® 


1*39x10“* 

1 •48x10*’! 
I-45X 10"" a 
l*46xlO‘“' 
1-57x10"* 

1*46X10"*® 


0*891x10“ 

0*891X10“ 


0*46x10"" 

0*21x10“® 


O-llxlO" 


0*056 X nr 
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agreement between the different Tn» Bnown, It has been found that the 

measurements agree between themselves and Se ! ^ of 

a pH m agreement with that of the quinhvdron 7®^^^®,®° obtained also gives 
the pH is reliable to the extent ofL" varttlonT In tf 
stress on the absolute value. The unkno^ i/ ^ «ot lay 

junction of the saturated potassium chbride 

The activity of the hydrogen ions calculated from tb f®' minor error . 

error on account of the functional relationshin H t ^ o-m.f. is liable to greater 
extremely smaU concentration of the acid has *^o quantities. The 

estimating the strength of the acid indicated bv ILb° account in 

Sion in the sequel is subject to these remarks.^^ comparison. The discus- 

do not materiaUy affecrthe^totalTJStS calculafiff titration curves 

«ol H). In fact the calculated total acidic curves 18 and 19 

within ± 5 per cent of average valL.T T " to agree 

or sol G which is also the sol with the highest pH^Ih are greatest 

IS also the least conducting. ^ total acid, and which 

T,, , OF SIUCIO ACID SOLS 

in the tot. ac taking part 

surface reaction. Theoretically peaW 1- pecuharitls of 

teristic of aU colloidal acids or fof ST te '^n^mon charac- 

fcions of the same acid substenca Thus X nT different colloidal solu- 

react rapidly with the alkali when its concenLr'° dispersed sol may 

the pocesses responsible for a slow interactir°''>L «nses 

ehmmated and the colloidal particles Z i . ion® may be 

Biiierent types of titration curves have molecules in true solution 

with dilute sols and with sols which al ^ [Mukherjee e< igo.; 

particles. When such concentrated or have large ag^regS 

moreandmoretotheformTmotl : ::r ourveffoSoS 

m part, be ascribed to the same rea in form mav 
twn IS sufficiently diluted and its degree true solj 

tions wore also obtained that a =t/ ™ dissociation becomes large But in^in 

fd'lAl* °°niparison of the curves for sol A and it ions also takes 


524 


INDIAN JOURNAL OF AGRICULTURAL SOIBNOB 


[VI, III 


that in the acid region the slope decreases as the neutral point is approached (sols 
A/6 and A/ll) . The conductometric titration curve for sol A/2 indicates adsorp- 
tion near about the neutral point. At higher alkali concentrations another type 
of slower neutralisation of hydroxyl ions is conceivable and arises out of the 

dissolution of the colloidal particles. . wm ui xrTv + 1 , 

Some of the sols have been found to be more dissociated (Table VI) than 
others, judging from a comparison of their free and total acidities. The amounts 
of sodium and hydrogen chlorides contained in them may have some relatmn to 
this difference apart from the concentration of the particles The liberation of 
acids by salts of alkaU and alkaline earth metals of weak and strong acids when 
they interact with colloidal acids in the sol or gel form is well known and is of 
genial interest, but these interactions do not seem to have been systematically 

studied. 

Sol D 

Experiments with this sol were intended to check the efficiency of the e^peri- 
mental arrangement in the way of obtaining reproducible measurements. The 
potentiometric titration curves 1 and 2, of this sol are remarkably smooth and are 
imost identical. These curves as also the conductometric titration curve 2 
indicate an acid of a fairly strong character. 

Sol E 


This sol contained finely-dispersed particles. No aggregates were visible with 
the naked eye. The ultrafiltrate was obtained from collodion membranes which 
were previously washed with water of specific conductivity 1-34 X 10-« mhos 
till the wash liquid had a constant specific conductivity of 3-0 X 10-« mhos. A 
nickel plated ultrafilter of Zsigmondy’s pattern was used. Traces of nickel were 
later found to contaminate the ultrafiltrate and the ultrafilter was, therefore, 
replaced by a porcelain one of the same pattern. ‘ Celia ’ membranes of various 
pore sizes have been used in later work. 
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S2f 

The total chlorine was obtained by both conductometric and electrometric 
titrations with silver sulphate using Ag-AgCl electrodes in the latter case. The 
silica and sodium were estimated as follows : A definite volume of the sol after 
evaporation and ignition of the residue was treated with concentrated sulphuric 
acid. The residue was then gently heated with additions of drops of concentrated 
hydrofluoric acid ; the loss in weight (after drying) by this treatment gave the 
percentage of silica. A blank experiment was performed to ascertain the weight 
of the non-volatile impurities in the same volume of the hydrofluoric acid. Assum- 
ing from the method of preparation that the other non-volatile ingredient of the 
sol was sodium chloride the amount of sodium was calculated from the weight 
of silica and sulphate before treatment with hydrofluoric acid. For the 
silicic acid sols Merck’s pure sodium silicate was used and 
as it may contain traces of other substances the amount of sodium estimated 
as above is liable to some uncertainty. The results with sol E are given in 
Table II, 
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?’ 3' and 4 indicate a moderately strong acid character in agreement 

T^htl " 1 \ ultrafiltrate (cf. curve 

fl measure the concentration of the free hydrochloric 

a.d m the sol m about fifteen per cent of the total acid of the sol ThT^ScS^ 

SeTc^TS t 'ISuni’ ^ 

Uquid and comideJl chloride is, therefore, present in the intermicellar 

conductometric titration curve (ouJve 9TSth?V^® fiif ^cid. The 

has the usual form of theZl« J L ultrafiltrate with silver sulphate 
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The calculated specific conductivity given in column 5 of Table II was obtained 
as follows : Assuming the sodium and the hydrogen ions to be the only carriers 
of positive electricity the excess of the sum of their observed concentrations 
over the concentration of the chlorine ions gives the / equivalent concentration 
of the negatively charged silicic acid particles. The observed specific conduc- 
tivity should be given by the sum of the contributions to the total conductivit}?’ 
due to the individual ion constituents. From the known total concentration of 
chlorine ions in the sol the concentration calculated per c. e. multiplied by the 
equivalent conductivity of chlorine ions at infinite dilution at 35°0. gives the con- 
tribution of these ions to the specific conductivity. The contributions due to the 
sodium and the hydrogen ions are similarly obtained, the activity of the hydrogen 
ions being calculated from the average pH. An equivalent conductivity of 20 
has been assumed for the silicic acid particles. The following limiting equivalent 
conductivities at 35°C. have been assumed for the other ions : Uh'’ = 404 ; Ujq-a® = 
64 ; Vgi= 93. It will be found that the observed specific conductivity of the 
sol is nearly ten per cent higher than the calculated specific conductivity. 

The analysis of the ultrafiltrate shows that the strong acid character of the 
titration curve cannot be attributed to the hydrochloric acid present in the sol. 
This resemblance with strong acid disappears however when the titration is carried 
with higher alkali concentrations and up to alkaline regions. Curve 5 (Fig. 5) 
is typical of a weak acid. The final rise in pH has not been attained though the 
alkali added would neutralise an amount of acid forty times the total acid given 
in Table II.'*' The particles begin to dissolve and this is responsible for the strong 
buffer action. The adsorption of the alkali or the dissolution of layers of the 
particle would both explain the peculiarities of many of the conductometric 
titration curves in the alkali region. They also explain how local changes in 
concentration simulating steps of dissociation of weak acids may be produced by 
the disappearance of the alkali by such reactions unless the stirring is vigorous 
enough to produce a more uniform reaction. The conductometric titration curve 
3^ with barium hydroxide on closer examination shows a departure from the slopes 
of that of a strong acid. For the sake of comparison the theoretical curves for the 
neutralisation of a strong acid (hydrochloric acid) by the same alkali is given in 
dotted lines. 

The conductometric titration curve resembles, to a certain extent, the neutra- 
lisation of a mixture of a strong and a weak acid, the strong acid in this case being 
hydrochloric acid. The concentration of the strong acid component of the mixture 
can be calculated from the point of intersection of the salt line of this acid and 
the initial straight portion of the curve produced. The concentration thus cal- 
culated is, however, very much larger than the total acid of the ultrafiltrate (curve 
6) which contains ail the free hydrochloric acid. 


♦More detailed invest! gations in this direction are in progress. 
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An initial straight portion followed by a rounding of the curve hear about 
the rainimum point is characteristic of the conductometric titration curve of a 
moderately strong acid. The resemblance disappears however when the titration is 
carried to alkaline regions, the sharp rise following a round portion being absent. In 
fact the difference in the slope of the titration curve of the sol after the minimum 
point has been passed from that of the theoretical curve is even more pronounced 
in the alkaline than in the acid region. It i s interesting to find a similar flattening 
of the potentiometric titration curve after the sharp rise corresponding with the 
minimum point of the conductometric titration curve has been passed. A surface 
reaction in which the alkali is used up is indicated by both sets of curves. 

Sol E, on the whole, behaves as a strong acid though not as strong as hydro- 
chloric acid of comparable concentration. The strong acid character is revealed 
by titration with dilute alkalis only while the titration curve with a strong alkali 
indicates a weak acid character. The high ratio of free to total acid indicates a 
strong acid character. 

Sol F 

Sol E with lower specific conductivity and hydi'ogen-ion concentration was 
next used. The results are given below in Table III. 

Table III 


Si 02 in grm.- 
mol. per 
litre 

Total sodiinn 
in normality 
Xl04 

Total chlorine 
in normality 

X 10^ 

Total acid 
in normality 
XlQs 

Free acid in 
normality 
X10« 

0*1440 

1*10 

1*00 

7 • 8 (curves 

12 and 12') 

8*1 

0-1440 

1*05 

0*97 




The potentiometric curve 12 (Fig. 8) with dilute baryta resembles that of an 
acid of medium strength. The conductometric titration curve 12 ' gives evidence 
of buffer action (compare sol E) near about the minimum point. Though not so 
suitable for calculation of the total acidity for reasons already explained, it gives 
roughly the same value as curve 12. With an alkali of moderate strength the 
strong acid character becomes less pronounced (curves 10 and 11) and with more 
concentrated alkali the curve (curve 13, Fig. 9) becomes typical of a weak acid 
(compare sol E) . The small quantity of the acid involved in.the titration and the 
dissolution of the particles with more concentrated alkali is responsible for the 
‘weak acid ’ type of the curve. The initial portions showing a strong acid charac- 
ter would only be observed with dilute alkali. The pH 4-29 from the average 
e.m.f. of the four measurements which agree between themselves (excluding the 
two values 3-69 given in Table I) indicates a low dissociation, but if these values 
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are included in calculating the average, a pH 4*09 is obtained in agreement with 
the total acidity. As no measurement was made with the quinhydrone electrode 
no reliance can be placed on this agreement. 



Fig. 8. Sol F. 
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than the final equilibrium pH of the prevwus day. 

Sol O 

The eeprodudhmt, - xic- l^uTeDTnd 

then sol P. It. speoific oonductmtj was eboot 16 X W ^ 

the total acid about 1 X 10 ® g™- ° ents for such sols has an additional 

16, Fig. 10). The reliability of the measurements for such sols ^ 

« in Llation to the work on suspend- 

The curves with dilute sodium, sipfinite breaks occur. The slopes of the 

indicate an acid of medium strong h. ^reaction nlays a proportionate- 

curves indicate (see later) that adsorptio^^^^^ T,, 

ly larger 

free acid (2-4 X 10 « grm. ion w , «rnaller than the total acid but the 

given in Table I) appears to be ^ide variation in 

comparison loses its significance ^ ^ aol with strong resembles those 

the pH values. The titration curve o i experimental difficulties 
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Sol H and its dilutions 

The preceding results show that sols having a pH 
liable data. Sol H comes within this range. The resii 


Table IV 


Table IV (a) 
Dilutions of sol H 


Total mid 
X (iiliitlon 



Cone, of 
Si 02 in grm- 
mol. per 
litre 

■ Total acid X 10® 
in normality 

pH 

H ion cone. 
X 10® (free 
acid) 
in 

normality 

Free acid 

Total acid 

Sp. cond. 
in mhos 

X 10® 

Total ' 
chlorine 

X 10® 

Som . 

0-233 

0-233 

14-4 (curves 18 <fe 
18' with NaOH) 

14- 4 (curve 19 with 
NaOH) 

15- 5 (curves 20 

20' with Ba(OH)0 

4-02 

4-10 

average 

4-06 

8-7 

0-57 

: 8*91 

5*0 



16-9 (curve 22 i 

withdiL NaOH) 








average : 

15- 3 






Ultrafiltrate 
of sol H 


2-24 (curves 23 & 
23') 




2-51 

5-00 


Total acid 
xlO® 

in normality 

pH 

H ion cone. 
X 10® (free 
acid) 

in normality 

Free acid 

Total acid 

Sp. cond. 
in mhos x 

10® 

7 • 2 (cniTe 25 ; 
Kg. 14) 

4-16 





4-30 
(Qh) 
average : 
4*23 

5-8 

0*80 

4-6 

3 • 1 (curves 26 
and 26' ; Fig. 
15) ^ 

4*561 

average : 
4*60 
4*09 

2*5 

0*81 

2*1 

1 -6 (curves, 27 
and 27' : Fig. 

16) 

4-67 

«Jh> 

2*0 


1*1 

0-8 (curves 28 
and 28' ; Fig. 
17) 

4*91 

(Q„) 

6-09 

average: 

5-0 

1*0 

1*00 

t 

0.56 


reactions responsible for soil acidity, IV 

The total acid of the ultrafiltrate (curve 23Fig ;ll) is again about^ sixteen 

per cent of that of the sol. It appears that the method of preparation of the sol, 
which involves a neutralisation of the sodium silicate by the same proportion o 

hydrochloric acid and dialysis till no trace of chlorme is tcid^M 4ie 

wHh silver nitrate, leaves almost the same proportion of hydrochloric m the 
sol The chlorine-ion concentration of the ultrafiltrate is agam the same as that 
of the sol, i.e., the whole of the chlorine comes out m the ultrafiltrate. 
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Wtr 11. Silicic acid sol H. 
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From Fig. 11 it appears that the curves are fairly reprodiicible. The two curves 
for sodium hydroxide (curves 18 and 19) are parallel for reasons discussed earlier. 
The conductometric curves for both sodium and barium hydroxides show a change 
in curvature a little after the turning point has been passed. A reaction with 
the alkali is clearly indicated (compare sol E). The potentiometric curve with 
barium hydroxide is different from that with sodium hydroxide. The former 
reacts more strongly than the latter, the differences being particularly pronounced 
in the initial stages where a strong buffer action is shown with barium hydroxide. 
It is interesting to find, however, that the total acidities with the two alkalis are 
not much different. The total acid with very dilute caustic soda (curve 22 ; Fig. 12} 
is higher than with moderately strong caustic soda. The initial convexity charac- 
teristic of strong acids is obtained only with dilute alkali (curves 18 and 20). The 
titration curve 24 (Fig. 13) with strong alkali is similar to that of sol E and indi- 
cates a weak acid character. The particles dissolved in the region corresponding 
to the flat portion of the curve. Conductometric titration curve 22 for sol H 
was obtained with a Vreeland oscillator as the source of alternating current (1000 
cycles) and a Leeds Northrup set of Curtis Coil resistances and bridge. The curve 
is very smooth and the horizontal portion of the curve is of interest. The alkali 
is very dilute. The conductometric curves resemble those observed with many 
other sols [Compare sols A/2, A/6, A/ll, Mukherjee et al., 1934]. In consider- 
ing the curvature the observed slope should be compared with the theoretical 
slopes (dotted lines) for neutrahsation of hydrochloric acid under similar condi- 
tions, The departure from the theoretical slope is, as with sol E, more pronounced 
in the alkaline than in the acid region. At high alkali concentrations a dissolution 
of the particles requires to be considered. When the total acid concentration is 
large, the convexity in the acid region is less pronounced, possibly because the 
neutrahsation process forms the major proportion of the reaction with the alkali. 
The slopes, compared wdth the theoretical slopes, show more definitely the adsorp- 
tion process near and after the neutrahsation point. 
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Equivalents of alkali (0-00695N EaOH) in 40 c. o. 
Eig. 12. Sol H. 
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The total acid decreases almost proportionately with the dilution up to 
sol H/5. With sols H/10 and H/20 the total acid calculated from the eiirve 
is liable to larger percentage errors in view of the extremely small quantities of 
the acid present. The same alkali was employed in the titration of the different 
dilutions of sol H and the manner of addition was also nearly the same as previous 
experience with sihcic acid sols [Mukherjee et ah, 1934] indicates that the total 
acid^/iepends to some extent on these factors. Thus the total acid for sol H is 
larger with dilute alkali than with more concentrated alkali. The change in pH 

SpH 

due to the same quantity of the alkali being added, , is comparatively large 

o c 

with the more dilute sols H/10 and H/20 and the location of the exact point of 

inflexion between the two points between which is maximum is more 

6 c 

difficult. The total acid changes regularly on dilution as is shown by the agree- 
ment between the ‘ average ’ total acidity of sol H and the total acid of the diluted 
sols multiplied by their dilution. This regularity does not preclude the existence 
of an adsorption process. The amount of alkali adsorbed perhaps varies propor- 
tionately with the dilution, depending as it should on the particle concentration 
and the equihbrium concentration of the alkali. 

The specific conductivity changes very regularly with the dilution and this 
illustrates the satisfactory nature of the arrangements. The free acidities for 
sols H and H/2 are fairly reliable in view of the good agreement between the 
average values from the hydrogen electrode and the value from the quinhydrone 
electrode. The free acidities of sols H/5, H/10, and H/20 obtained from the quin- 
hydrone^electrode have been taken to be more reliable and have been used for cal- 
culating the degree of dissociation, but the absolute values cannot be relied tipon 
to the same extent as for sols H and H/2. The sol H is about sixty per cent dis- 
sociated. The strength of the acid character would be better understood by plot- 
ting log r against log c where r is the ratio of free to total acid of the different 
dilutions of the sol and c their respective total acid concentrations. A similar 
plot for hydrochloric acid solutions of comparable concentrations w^ould facihtate 
the comparison. 
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Pig. 14. Silicic acid sol H/2. 
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Silicic acid sol I 

Dissolved hydrochloric acid contributes an appreciable fraction (I5 per cent) 
to the observed total acids of sols E and H. It was thought that prolonged dialysis 
might remove these last traces of hydrochloric acid from the sol. Accordingly 
sol I was dialysed for a much longer interval of time against repeated changes of 
conductivity water towards. the end of the operation. The results with this sol. 
are given below : 


Sol I 
Table V 



Grm — mols. 
ol SiOa 
per litre 

Total 

chlorine 

Sp. cond. 
in mlios 
XlO® 

j pH 

i H-ion cone/ 

Total acid 

Sol I . 

0*235 

Negligible 

7*3 

3-85 

l*41xlO"“V 

iO'O :<hr\v 

{curvi‘s 21) and 

2ir; . Fig. 18) 

Ultrafiltrate of sol I 


Negligible 

1*52 

I 6*2 

1 

e-sixio”” V 

; 0*8k 10 "“'n (coii« 
dutdonieiric 
! curv{‘ 30" ; 

Fig. 18) 


The analysis of the ultrafiltrate shows that dissolved acids contribute a very 
negligible fraction (curves 30 and 30' ; Fig. 18) to the observed total acid. The 
chlorine-ion concentration is nil and the ultrafiltrate is practically neutral. The 
titration curve 29 (Fig. 18) with sodium hydroxide indicates a moderately strong 
acid character of the sol ; the conductometric titration curve 29' is similar to that 
of sol H. Sol I thus presents the same broad features as sol H. 
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Equilibrium concentration of alkali x 
Fiff. 18. Silicic acid sol I. 
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In a recent paper Rabinowitch and Kargin [1935] have expressed the 
view that the acid character attributed by previous workers to silicic acid 
sols should really be referred to the presence of dijsolved auids in the sol. 
In support of their view they quote some experimental results with silicic 
acid sols purified by prolonged electrodialysis which show that these sols 
showed practically neutral reaction and had conductivities comparable with that 
of pure water. As pointed out by Valko [1935] the above behaviour of 
Rabinomtch’s sols was due to their extremely low silica contents. Both silicic 
acid sols H and I are about sixty times more concentrated than Rabinowitch ’s 
sols. As already pointed out the small total acid of the ultrafiltrate of sol I in 
particular, shows that the strong acid character of this sol cannot be due to free 
acids present in the sol. Also unpublished work from this laboratory with suffi- 
ciently concentrated electrodialysed silicic acid sols shows that these sols liavc the 
same order of magnitude of total acidities as sols H and I and they present the 
same broad features. 



Basicity of colloidat. acids 

Colloidal acids have been considered to be polybasic acids in true solution 
[Pauli and Valko: Elektrochemie der koUoide, 1929]. The titration curves given 
in this paper bear no evidence of a polybasic character. They are rather typical 
of monobasic acids. A closer inspection, however, will show that this resemblance 
is only superficial. The slope of the titration curve of a weak monobasic acid 
at the point of half neutralisation is independent of the dissociation constant of 
the acid and is given under certain conditions of titration by Auerbach and Smol- 
ezyk [1924]. 

8 pH ^ 1* 74 

Sjc xa 

where xa denotes the volume of the alkali required to reach the equivalence point. 
The theoretical slope calculated from the equation (dotted lines in Pig. 12 ; sol H) 
seldom agrees with the slope. The discrepancy is more pronounced with the titra- 
tion curve with barium hydroxide. This shows that the silicic acid sols cannot 
be treated as weak monobasic acids in true solution. Adsorption by and dissolu- 
tion of the particles are, on the other hand, sufficient to account for the forms of 
the titration curves. 

^ ■ ■ ■ . I. ■ ■ ■ ■ 

Strength ’’ of silicic acid sols 


In Table VI the free and total acids of different silicic acid sols where the 
value of the free acid could be fairly relied upon have been summarised and '' dis- 
sociation constants ’’ calculated from them given in the last two columns. 
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Table VI 



Total acid 

Free acid 

Free acid 

K, . 



Total acid 

Sol I (curve I, part 



0*688 



I, of this series) . 

Sol A/2 (curve III, 
part II of this se- 

0-0034iV 

0-00234^ 

6*5x10-3 

7*0x10-3 

13-2X10-3 

5*16x10-3 

ries) 

0*0065A 

0* 0059V 

0*91 

3*56x10-1 

3*87x10-1 

5*89x10-3 

Sol A/ll (curve 






VII, part II, this 

■ 





series) . . 

0-00087iV 

0- 00084V 

0*97 

6 * 11 x 10-2 

2*3x10-3 

Sol D (curves 1 






and 2 

0-00009JV 

0* 000048V 

0*53 

. , 

5* 4x10-3 

Sol E (curve 3) 

o-oooaoiv 

0- 000257V 

0*85 

3*9x10-3 

5*9x10-3 

1 *75 X 10-3 

SolH . 

0- 0001632V 

0* 000087V 

0*57 

4*6x10-5 

1*29X10-^ 

1*15x10-4 

Sol H/2 (curve 25). 

0-000072iV 

0- 000058V 

0*80 

6*4x10-5 

l*9xld-~4 

Sol H/5 (curve 26) 

0- 0000312V 

0- 000025V 

0*81 

2*56x10-5 

3*24x10-4 

1 -lx 10-4 


Inspite of the strong acid character of the titration curves colloidal silicic 
acid is often dissociated to the extent of about sixty per cent though the total 
acid concentration is of the order of 10— grm. ions of hydrogen per litre. It appears 
also that the free and total acids do not depend solely on the concentration of the 
silica. 

The ^dissociation constants ’ Ki calculated from the following equation have 
been given in column 5 of Table VI. 

[Salt]+[^'] 

pH = pZi4-log 

[Acid]-[.d'] 


The pH corresponding to a given addition of the alkali is obtained from 
points in the neighbourhood of half neutralisation ; the concentration of the 
colloidal salt, [salt], is taken to be equivalent to the alkali added ; the concen- 
tration of the unneutralised acid, [acid], is given by the difference of the 
total acid as obtained from the titration curve and the concentration of 
the added alkali ; [A '] denotes the concentration of the anions dissociated 
from the unneutralised acid and is roughly given by the product of the concen* 
tration of the unneutralised acid with the ratio of free to total acids ; the 
concentration of unneutralised undissociated acid is given by [acid] -[A']. In 
view of the high ratio of free to total acids the more simple Henderson equation 
appears to be inapplicable for calculating the constants. In the last column of 

table ‘ dissociation constants calculated from the equation 
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haye been given, a is given by the ratio of free to total acids and the molecular 
concentration c by the total acid as obtained from the titration ciirveSj the acid 
being assumed to be monobasic. 

Though conveying an approximate idea of the ‘ strength ’ of silicic acid sols 
the calculated ‘ dissociation constants ’ are not constants in any strict sense of the 
term. In a previous paper [Mukherjee et al., 1934] it has been observiTi that the 
"dissociation constants ’ of colloidal acids have a fictitious significance l)ef‘auBe 
of the indefiniteness, among other things, of the total acid taking part in the re- 
action. Thus the total acid has been found to depend on the nature and concen- 
tration of the alkali (compare the curves with dilute and concentrated alkalis given 
in this paper), the time allowed for interaction [Mukherjee et at, 1932] and on other 
factors. 

For an interpretation of the titration curve of an acid in relation to tlu^ strengtli 
of its acid character one need consider, besides the dissociation <*onstant, the 
solubility of the salt f oriried and its degree of hydrolysis. The liydrolysis of a, salt 
is expected to be greater with a weak alkali than with a stronger one, and on 
this ground a titration curve with barium hydroxide should indicate a greater 
rise of pH than a curve with sodium hydroxide. The titration curves of silicic 
acid sol H show that this is contrary to our observation. Work from this labora- 
tory with palmitic acid sols show that the titration curve with barium by dr ox uU^ 
shows a strong buffer action which is not shown by the curve with sodium hydro- 
xide. In the case of an acid in true solution its neutralisation by an alkali 
requires different theoretical treatment according as the salt formed is in solution, 
or, forms an insoluble precipitate. In the neutralisation of a silicic acid sol with 
barium hydroxide we are concerned with the adsorption of barium ions on the 
oppositely charged primarily adsorbed ions on the surface of the colloidal 
particles whose dimensions are large compared to that of ordinary molecules 
or atoms. The formation of a secondarily adsorbed layer of barium ions on 
the surface has to be distinguished from the formation of an insoliible 
precipitate, e.g., barium silicate. The " ion pairs ’ formed by adsorption may not 
constitute a distinct phase. The solubility of such a " salt ’ does not convey 
any clear meaning. 

The interaction of ions on the surface of colloidal particles is morc‘ readily 
understood from the standpoint of the adsorbabilitios of ions as postulated by 
Mukherjee [1921]. According to this view the particles of colloidal adds owe 
their negative charge to the presence on the surface of a fixed layer of primarily 
adsorbed anions. Corresponding to the number of these ions an equivalent num- 
ber of oppositely charged ions (in this case hydrogen ions) remain in the liquid 
near the surface. A certain number of these hydrogen ions may remain fixed on 
the surface by electrostatic or chemical valency forces forming an electrically 
•adsorbed layer while the remaining hydrogen ions form the " mobile sheet * of the 
double layer. On the addition of an alkali besides the simple neutralisation of 


REACTIONS RESPONSIBLE FOR SOIL AGIDITY, IV 


551 


the ‘ mobile ’ hydrogen ions by the hydroxyl ions the cation of the added alkali 
may displace some of the electrically adsorbed hydrogen ions which can then 
neutralise further quantities of hydroxyl ions. The hydroxyl ions of the added 
alkali may be primarily adsorbed by chemical forces with a consequent increase 
in the negative charge of the particles which can now drag in more cations 
into the double layer. The greater the adsorption of the cations the more pro- 
nounced will be the buffer action. The relative ‘ electrical ’ adsorbabiJities of 
the cations is a function of their valencies, mobilities and states of hydration. 
On this basis alone the adsorbability of barium ions should be stronger than 
that of sodium ions and would account for the stronger buffer action of silicic acid 
sols towards barium hyroxide than towards sodium hydroxide (compare sol H) . 

Action of neutral salts on colloidal acids 

The interaction of soil with neutral salts is of fundamental interest to soil 
chemistry. A distinction should be made between the sol and the gel state. In 
the latter case any displaced hydrogen ion whether it comes from the mobile sheet 
of the double layer or from the primarily or secondarily adsorbed layers will always 
show an increase in the acidity of the supernatant water. In the case of the sol 
a free hydrogen ion in the mobile sheet so displaced by a cation of a salt of a strong 
acid will not alter the pH unless the activity coefhcient of the hydrogen ion in the 
mobile layer is different from what it is in the intermicellar liquid. An increase 
in the hydrogen ion concentration denotes displacement of hydrogen ions from 
the primarily or secondarily adsorbed layer. Analyses of the ultrafiltrate and 
estimation of the total acidity in the presence of the salt would afford valuable 
information of the interaction. 

To sols H and I were added gradually increasing amounts of neutral solution 
of potassium and barium chlorides and the resulting changes in pH are given 
below. 


Table VI 



Total acid as 
obtained by titra- 
tion with 
alkalis (no neu- 
tral salt being 
added) 

Initial 

pH 

without 
addition 
of salt 

pH 

after addition of 
salt 

Cone, of salt added 

Sol H 

16-2K10-W . 

4-0 

4-05 

3*3 (curve 31) 

3 • 70 (curve 32) 

O-OOiVBaCla 

0*09 JV KOI 

Sol 1 

1C-6X10-W , 

3-60 

3-75 

3*20 (curve 35) . 
3-58 (curve 36) . 

0*013 AT BaClg 

0- 013 ATKCI 


31 and 32 (Tig. 19) for sol H and carves 35 and 36 (Fig.-20) for 
^ol I show that barium chloride decrea^ses the pH to a, greater e^ctent potassium 
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chloride. For comparison the pH of a hydrochloric acid solution of approximately 
the same original pH as the sol when titrated in a similar manner , is given In 
curves 33 and 34 (Fig. 19). The increase in the hydrogen-ion concentration on 
the addition of barium chloride is about 300 per cent for sol H and 150 per cent 
for sol I. In fact more acid appears to come out on the addition of barium chloride 
than the total acid obtained by titration with alkalis. The results are significant 
in that they bring out prominently the indefinite character of the total acid and 
the important part played by the cation in reactions in colloidal acid systems* 
Analysis of the ultrafiltrate and estimation of the total acid in the presence of the 
salt would afford valuable information regarding the interaction. The estimation 
of the total acids of silicic acid sols in the presence of the salt is difficult as the 
sols rapidly set under these conditions. The following table will sixow tlia-t the 
hydrogen-ion concentration and the total acid of the ultrafiltrate of sol I — ^the 
ultrafiltrate being obtained after addition of barium chloride to the sol — arc 
considerably higher than those of the ultrafiltrate and somewhat grater than 
that of the pure sol. This indicates that the barium ions, in consequence of their 
stronger electrical adsorbahility, displace some of the electrically adsorbed hy- 
drogen ions into the intermicellar liquid. 




RE'AOTiOJ^S MSPOJsfSlBLE FOft SOlf. AClDlW, IV 



c. c. of normal salt solution added to 40 c. c. of sol. 
Pig. 20. Silicic acid sol I. 
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pH 

H+ ion cone, 
in 

normality 

f 

Total acid 

Cone, of 

BaClg 

Ultrafiltrate of sol I with- 





out addition of BaClg 



~.5 


to the sol . 

6-2 

6-31x10-7 

0-8x10 N 

nil 

Ultrafiltrate (sol I with 



—6 


Bad,) . . . j 

3-98 

1-05x10-4 

1 - 1 

19x10 

0-059N 


A detailed discussion of this aspect will be taken up in a future publica- 
tion. 


Summary 

The electrochemical properties of a number of silicic acid sols have been 
studied with special reference to the nature of their titration curves with solutions 
of alkalis and neutral salts. 

The titration curves with dilute alkalis point to a strong acid character while 
with more concentrated alkalis a weak acid character is revealed, the particles 
dissolving in the higher alkaline regions. Analyses of the ultrafiltrates of the 
sols show that their strong acid character cannot be wholly attributed to dissolved 
acids present in the sol. 

The titration curves give evidence of surface reactions distinct from the simple 
neutralisation of an acid by a base. Adsorption by and dissolution of the parti- 
cles can, in most cases, account for the forms of the titration curves. 

Neutral salts liberate acids from the sols to an extent depending on the ' elec- 
trical adsorbabilities ’ of the cations. 

The authors’ thanks are due to the Imperial Council of Agricultural Research 
for enabling one of them (R. P. M.) to carry out this work as a Research Assistant 
and for other facilities. 
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The hydrogen clay ’ obtained by replacing the exchangeable cations of soil 
by hydrogen ions possesses acidic properties. Several points of view have been 
suggested to explain the acid character. On titration with alkalis the clay acids 
have been found by Bradfield to yield titration curves resembling those of mono- 
basic acids [Bradfield, 1927] while some authors have attributed a polybasic charac- 
ter to these acids from observations of more than one ‘ break ’ in the titration 
curves. According to Bradfield the curves, though not as steep at the inflection 

point as those of simpler acids, show well-defined endpoints using both conductn 
metric and potentiometrio methods. uwi conaucto- 

Against a true acid character of the clay acids is the fact that their titration 
curves with different strong bases can scarcely be superimposed. Oakley’s ob- 
servation [Oakley, 1927] that superposition is possible provided that the titrations 
are carried out in the presence of semi-normal solutions of the chlorides of the 
corresponding bases is interesting as it constitutes a difference in behaviour of the 
clay acids from that of acids in true solution. The discrepancy regarding the non 
equivalence of different baseshas been referred to complex side reactions'^e u hydro' 
lysis arising from the relatively large ratio of soil to the reacting base as ' obtain 
m the usual procedure of electrometric titrations of weak acids when the acid is 
taken in the titration vessel and the alkali added from outside [Bradfield 19241 
Using the reverse procedure in which the hydrogen clay was added to the base 
Bradfield obtained the same total acidity with different bases. Bradfield’s method 
as also the one adopted by Hissink [1925] in which the soil is placed in excess baryta 
and the amount of alkali reacted upon obtained by titrating the excess alkaH 
haye been criticised by Schofield [1931] on the ground that at high pH’s 
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in the presence of alkali cations soluble aluminates and silicates are formed while 
with the alkaline-earth cations the aluminates and silicates being insoluble form 
a layer over the colloidal clay particles* The instability of the particles in the 
alkaline region thus makes it difficult to obtain, by the above methods, definite 
information regarding their acid character. The difficulty in finding the endpoint 
of titration has led to the suggestion that the process is essentially one of adsorp- 
tion in which both the cations and the hydroxyl ions are adsorbed. This view 
seems to be supported by a large amount of experimental evidence among 
which mention may be made of Pennyquick’s observation [1930] that 
hydroxyl ions disappear by a sort of chemical combination with acid groups 
on the surface as also of Mattson’s experiments [1928] showing that when 
a ‘ hydrogen clay ’ is treated with calcium hydroxide the gaiti in weight of the 
oven- dried clay corresponds to an adsorption of calcium hydroxide as a whole and 
not to a simple replacement of hydrogen ions by calcium ions. 

In previous papers of this series [Mukherjee et al., 1931, 1932 and 1934] the 
electrochemical behaviours of individual colloidal ingredients of the soil — acidic 
(silicic acid sols) and basic (aluminium hydroxide sols) — , have been discussed in 
the light of experimental results concerning mainly with their titration curves with 
acids and alkalis. Work with actual clay acids had been deferred pending these 
investigations with the simpler systems as it was thought that the results obtained 
thereof would be helpful towards a better understanding of the nature of the more 
complicated reactions responsible for soil acidity. This preliminary work with 
pure systems has now sufficiently advanced to justify investigations with actual 
clay acids. In the present paper the features presented by a number of clay acids 
isolated from different soil samples have been discussed with special reference to 
their titration curves with alkalis and solutions of neutral salts. 


Experimental 

Method of preparation of the clay acids . — ^The soil was air-dried, powdered and 
sieved as usual. The organic matter was destroyed by exhaustive treatment with 
six per cent hydrogen peroxide aft^ which the material was vigorously shaken 
for several hours with a large volume of water in a motor- driven shaker. The 
coarse suspension thus obtained was allowed to settle for two to three days. On 
centrifuging the supernatant liquid with a Sharpie’s Supercentrifuge a fine stable 
suspension was obtained. The corresponding ‘ hydrogen clay ’ was prepared 
either by electrodialysis or by leaching with dilute hydrochloric acid followed by 
washing with conductivity water till the wash liquid showed no visible turbidity 
with an acidified solution of silver nitrate. In later work acid clays prepared by 
the hydrochloric acid treatment were electrodialysed to ensure removal of any 
free hydrochloric acid from the sol. 
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The following table gives the source and the method of preparation of the 
different clay acids. 


Sol 

Source 

1 

Method of preparation 

A 

Silt from Ganges water (sediments 
at the bottom of storage tanks 
containing Ganges water). 

Suspension obtained by centrifug- 
ing only not followed by any 
acid treatment or electro - 
dialysis. 

A, . . 

Ditto 

Acid treatment followed by leach- 
ing with water to remove any 
free hydrochloric acid. 

B 

Dacca (Bengal) virgin soil (collec- 
ted from a depth of 

Ditto. 

B, . 

Ditto 

Acid treatment followed by leach- 
ing with water and then electro - 
dialysis. 

C . 

Dacca (Bengal) cultivated soil 
(xinmanured crop ; collected 
from a depth of 0" — 6"). 

Electrodyalisis only. 

.0, . . 

Ditto 

' 

Acid treatment followed by leach- 
ing with water and then electro- 
dialysis. 


The sol was in all cases stocked in an atmosphere of hydrogen and the arrange- 
ment as described in a previous paper [Mukherjee et aL> 1932] was used for this 
purpose. The titration cell for simultaneous conductometric and potentiome- 
tric measurements was also as previously used [Mukherjee et al,, 1932] with the 
modification that ground-in mercury seal stirrers were employed to ensure a rapid 
and thorough intermixture between the sol and the titrant liquid. A Leeds 
and Northrup potentiometer reading directly to 0*1 millivolt and a galvanometer 

with a current sensitivity of 10 ampere were used for potentiometric measure- 
ments with sols A and A^. With the remaining sols a Leeds and Northrup K-type 

potentiometer and a galvanometer with a current sensitivity of 10”"^^ ampere 
were employed. Electrolytic hydrogen purified as already described [Mukherjee 
et al., 1932] was used. All measurements were carried out in an electrically heated 
water thermostat maintained at a temperature of 35°C. d: 0*05. In view of the 
high resistances of the systems special precautions had to be taken to guard against 
electrical leakages which are particularly troublesome during the rainy season 
[Mukherjee et ah, 1936.] 

REPEOntrOIBILITY OF KBSULTS 

In connection with previous work with silicic acid sols it was found that the 
pH values of the sols sometimes showed marked variations. The clay acids ap- 
pear to behave in an analogous manner in this respect though the variations are 
not so wide as the following Table I will show. The pH obtained from the hydro- 
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gen electrode has, as in previous work, been often checked with the quinhydrone 
electrode. Inspite of appreciable initial differences the titration curves of a given 
sol with the same alkali run almost parallel and are generally identical in form. 
The initial differences arising, probably from a poisoning of the electrode, do not 
affect the total acidity values calculated from the curves. The point is illustrated, 
among others, by curves 3 and 4 for sol A^, and curves 16 and 17 for sol C. 

Table I shows the variations in the pH and the specific conductivities of the 
different sols. The observed e. m. f. against the normal calomel electrode is given 
in the first and second columns ; the e. m. f. of the experimental cell against the 
normal hydrogen electrode is given in the third and fourth columns, the e. m. f, 
of the normal calomel half element being taken to be 0*2823 volt at C, 
The maximum difference from the average e. m. f. is given in percentage 
of the average value in the fifth column ; the sixth and seventh columns give the 
pH calculated from the hydrogen and quinhydrone electrode separately. The 
specific conductivities are given in the last column. 


Table I 


^obs" 

Hydrogen 

electrodG 

in 

volts 

3iJobs 

Quinhydrone 

electrode 

in 

volts 

Hydrogen 

electrode 

in 

volts 

Quinhydrone 

electrode 

in 

volts 

Maximum 
difference 
from 
average 
e. m. f. with 
hydrogen 
electrode 
(in 

percentage) 

pH 

_ ^ 

Sp. conducti* 
vity in 
mhos 

Hydrogen 

electrode 

Quinhy- 

drone 

electrode 

Sol A— 








0*6450 


0*3627 



5*93 



0*6480 


0*3667 



5*98 



0*6530 


0*3707 



6*07 



0*6550 


0*3727 



6*10 





average 



average 





0*3680 


—1*4 

6*02 







+ 1*1 




Sol A 1 — 








^ 0*5500 


0*2677 



4*38 



0*5530 


0*2707 



4*43 



0*5480 


0*2057 



4*35 



0*5460 


0*2037 



4*31 



0*5450 


0*2027 



4*30 





average : 



average 





0*2661 


—1*3 

4*35 







+ 1*3 




SolB— 








0*6080 


0*3257 



5*33 



0*0140 


0*3317 



5*43 



0*5900 


0*3077 



5*03 




0*0890 


0*3203 




5*24 X 10-® 



average 



average 





0*3235 


■ ■—4*0 

5*29 







•f2*5 




S 








0*5850 


0*3027 



4*95 



0*5805 


0*2982 



4*88 



0-5830 


0*3007 



4*95 



0*5902 


0*3097 



5*04 



0*5800 


0*3077 



4*87 



0*5785 


0*2962 



4*85 





average 



average 





0*3006 


—1*4 

4*92 





, • ■ 


+2*4 
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Table I — contd . 


®OtlS 

Hydrogen 

electrode 

®obs 

Qiiinhydrone 

electrode 

Hydrogen 

electrode 

Quinhydrone 

electrode 

Maximnni 
difference 
from 
average 
e. m. f. wlili 
hydrogen 
electrode 
(in 

percentage) 

pH 

Sp. conducti- 
vity in 
mhos 

Hydrogen 

electrode 

Qiiinhy- 

drone 

electrode 

Sol C— 








0-4935 


0-2112 



8-46 



0-5050 


0-2227 



3-64 



0-5070 


0-2247 



3-67 


5-75x10-® 

0-4955 


0-2132 



3-49 


5-24x10-® 

0-5090 


0-2267 



3-71 


5-42x10-® 

0*4920 


0*2097 



3*43 




0-1900 


0-2193 



8-59 



0-1895 


0-2198 



3-60 1 




average 



average 





0-2180 


-3-9 

3-58 , 







+ 4-0 




Sol f — 








0-6880 


0-3057 



5-00 



0-5963 


0-8142 



5-14 


2-09X10-® 

0-5975 


0-8152 



5-16 


2'21Xl0-« 

0-5817 


0-2994 



4-90 


2-16X 10-® 


0-1038 


0-3055 



5-00 




average 



average 





0-3086 


—0-9 

5-05 







+ 1-1 





Ganges silt 

Sediments collected from the bottom of storage tanks containing Ganges water 
were air-dried, powdered, and sieved as usual, and after removal of organic mate- 
rials with six per cent hydrogen peroxide the colloidal portion was separated with 
the aid of a Sharpie’s Supercentrifuge. As it was intended to investigate, in the 
first instance, the acid properties, if any, of the sediments as they occur in nature 
neither any preliminary acid treatment nor electrodialysis was taken recourse to 
in the preparation of the sol (sol A). Curves 1 and 2 (Fig. 1) represent the results 
of potentiometric titration of this sol with alkalis. The sol shows a practically 
neutral reaction and the curves are characteristic of very weak acids ; the flat 
portions of the curves correspond with the region where the sol coagulated. In 
contrast however, with a true acid character the final ascending portion is absent. 
The flat portions appear to indicate an adsorption of the alkali by the coagulum 
in agreement “with the observations of previous investigators [Bradfield, 1924] 
regarding the strong adsorbing power of soil colloids for alkalis in the alkaline 
region. 7 
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On account of the low acid reaction of the above sol a portion was 
coagulated with 0'06 N hydrochloric acid and the coaguliim leached several times 
with this acid ; the residue was then washed on an ultrafilter with conductivity 
water till the ultrafiltrate showed no visible turbidity with an acidified solution of 
silver nitrate. On now vigorously shaking the residue with conductivity water 
a concentrated suspension was obtained which on centrifuging gave a fine stable 
suspension (sol Ai). 

The titration curves 3 and 4 were obtained with dilute alkali. The results 
are summarised in the following table : 


Table II 



Total acid 

X 105 

in normality 

pH 

(average) 

Free acid 
in 

normality 

Free acid 
Total acid 

Cl -ion con- 
centration 

X 105 

SolAi . 

Ultrafiltrate of 

33*2 (curve 3) . 
31 • 1 (curve 4) . 

4-35 

4-6x101.5 

♦ 14 

5-00 

Sol Ai . 

Sol Ai/4 . 

7*5 (curve 5) . 

5-4 

4-Ox lO-O 


5-00 


The titration curves 3 and 4 (Fig. 2) indicate a strong acid character. The 
curves are fairly smooth, — the breaks indicating a polybasie character observed 
by some previous investigators are not in evidence. The chlorine-ion concentra- 
tion of the sol calculated from the observed e. m. f. of the cell Ag-AgCI/*01 iV 
HCl/sat. KNOa/sol/AgCI-Ag is the same as that of the ultrafiltrate. In view 
of the weak acid reaction of the ultrafiltrate and the small chlorine-ion concentra- 
tions it is not possible to refer the observed acid character of the sol to the presence 
of free acids in the intermicellar liquid. The strong acid character disappears 
on titrating with concentrated alkalis (curve 8 ; Fig. 4) ; the particles coagulate 
and the strong buffer action in the region corresponding with the fiat portion of 
the curve indicates a surface reaction involving the disappearance of considerable 
amounts of the alkali'*'. The clay sols, in this respect, appear to behave in an 
analogous manner with silicic acid sols [Mukherjee et ah, 1936] with the difference 
that with concentrated alkalis the clay particles coagulate instead of dissolving. 

* More detailed investigations in this direction are in progress. 

7a 
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c. c. of 0-0063 N baryta added to 25 c 
Fig. 2. Sol A. 


c. 0 , of equivalents of baryta added (to 25 c. c. ^ 
Fig. 3, Sol A (Ganges sediment) 






564 INDIAN JOURNAL OF AOEICULTURAL SCIENCE [VI, HI 

Tile low ratio of free to total acid of the sol indicates a weak acid character. 
The accuracy of the absolute value of this ratio is somewhat ill defined in view of 
uncertainties of absolute measurements with the hydrogen electrode with un- 
buffered solutions of extremely low hydrogen-ion concentration, especially in the 
absence of independent measurements with the quinhydrone electrode. Further, 
the error of the e. m. f. determination may be multiplied several times in calculat- 
ing the hydrogen -ion concentrations from the pH values as it depends on the 
magnitude of the mantissa in converting it into.its antilog. 

In the titration of the acid clays with alkalis the time allowed for interaction 
has been found to be a very important factor. It has been repeatedly observed 
that on the addition of a given amount of alkali after the electrode has been in 
equilibrium with the sol to be titrated, the e. m. f. of the hydrogen electrode' at 
first rises to a maximum and then diminishes very slowly till equilibrium is 
reached. This behaviour is observed near about the neutral region and it becomes 
pronounced in the alkaline region ; a slow adsorption of the afeali by the particles 
probably takes place ; the need of vigorous shaking during the titration is obvious. 

The effect of the above slow reaction between the acid clay suspension and the 
alkali in which the alkali appears to disappear becomes more pronounced when a 
titration is continued for several days. It has been repeatedly observed that the 
initial pH on any day is lower than the final equilibrium pH (after the titration 
had been carried to a definite point) on the day previous to it. Curves 6 and 7 
(Fig. 3) illustrate this point with Sol Ai. This observation is in contrast with 
our experience with silicic acid sols where, under similar circumstances, a slight 
increase in the initial pH on successive days has been observed. The effect of 
the above slow reaction has to be considered in the interpretation of the results 
of a titration where a second addition of the alkali was made when the e. m. f. of 
the hydrogen electrode corresponding to the previous addition did not change in 
half an hour’s time. 

Sols B and Bj 

The results with these sols are summarised below : 

Table III 



Total acid X 10® in normality 

pH 

Free acid in 

. ........ 


(Average) 

normality 

Sol B 

18 * 0 (With Ba (OH)^ ; curve 9) 

5*29 

6-0xl0~* 


7 • 0 (With HaOH ; curve 10) . 


Sol Bi . ■ . 

15 T (With Ba (OH )2 ; curve 11) 

6*6 (With NaOH ; curve 12) . * 

4*92 

1-2X10~' 
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The titration curves with dilute alkalis resemble those of moderately strong 
acids ; -with concentrated alkahs a weak acid character is indicated (compare sol 
Ai), the particles coagulating at the higher alkaline regions. The titration curve 
with barium hydroxide is different from that with caustic soda — a strong buffer 
action being observed with barium hydroxide. This observation is in agreement 
with the results of previous investigators with clay acids. Unpublished work 
from this laboratory with palmitic acid sols also point to a difference in total aci- 
dity on titration -with d iff erent strong bases. These results support Mukherjee’s 
previous conclusion based on theoretical considerations regarding the indefinite- 
ness of the total amount of the neutralisable acid in colloidal acid systems 
[Mukherjee ei al, 1934] . As pointed out by Mukherjee the characterisation of the 
intensity factor of such acids in terms of the mass action expression becomes am- 
biguous because of the above indefiniteness of the total acid. 



Fig. 5. Sol B. 
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In the preparation of sols A^, B and Bj a preliminary leaching with hydro- 
chloric acid had been taken recourse to. The acid character of the sols might/ be 
attributed to hydrochloric acid adsorbed by the particles. It was therefore con- 
sidered desirable to prepare an acid clay sol by electrodiaiysis alone omitting the 
hydrochloric acid treatment. Sol C was prepared in this manner after removal 
of organic matter by the usual treatment with six per cent hydrogen peroxide. 
The electrodialysis was eJSected in glass vessels with parchment membranes and 
platinum electrodes. The results are given in Table IV. 


Table IV 



Total acid x 10^ 
in 

normality 

( 

pH 

(average) 

1 

Free acid 

X 10* in 
normality 

Free acid 
Total acid 

Chlorine- 
I ion cone, x 
10® in 
normality 

Sol C . 

2-8 (curves 13, 14, 
15 & 13', 14', 15') 

3*58 

2-8 

1-0 

9-4 

Ultrafiltrate of 
Sole 

1 

0*7 (curve 16) 


• • 

■ • 

9-5 


The sol is distinctly more acid than any of the previous sols. The titration 
curves 13, 14, 15 and 13', 14', 15' (Kg. 7) indicate a fairly strong acid character 
which is confirmed by the agreement between the free and total acids. The titra- 
tion curve 17 (Fig. 8) with strong alkali indicates however, a weak acid character, 
though the final rise after a flat portion is not in evidence. The total acids cal- 
culated from the potentiometric and conductometric titration curves are identi- 
cal and in contrast with the previous sols is the same with sodium and barium 
hydroxides. The conductometric titration curves on closer examination suggest 
a slow reaction with the alkali near the point of neutralisation. A comparison 
of the slope of the experimental curve mth that of the theoretical alkali line indi- 
cates that the above slow reaction, involving probabty an adsorption of the hy- 
droxyl ions by the colloidal particles, is continued even after the minimum point 
has been passed. The acid clay sols show a striking similarity with colloidal solu- 
tions of silicic acid in this regard. The chlorine-ion concentration of the sol cal- 
culated from the e. m. f. of the cell Ag-AgCl/O'Ol N HCl/Soi KNOs/Sol/AgCl- 
Ag agrees with that of the ultrafiltrate obtained in an analogous manner. The 
small chlorine -ion concentration shows that the large free and total acids of the 
sol cannot be whoUy attributed to free hydrochloric acid. The total acid of the 
ultrafiltrate is about twenty-five per cent of the total acid of the sol. The acidity 
of the ultrafiltrate is probably due to free hydrochloric acid as is shown by the 

8 
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approximate agreement between the total acid and the chlorine-ion concentration 
of the nltrafiltrate. Further, the potentiometric titration curve 16 of the ultra- 
filtrate is characteristic of a very strong acid. As the preliminary hydrochloric 
acid treatment was omitted in the preparation of the sol it is interesting to find 
the presence of free hydrochloric acid in the soi. 



c. c. of 0-0064N alkali added to 50 c. c. of sol. 
Mg. 7. Sol. C, 
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Sol Gx 

This soi was isolated from the same soil sample as sol C but in preparing it the 
eiectrodialysis was preceded by a preliminary leaoMng of the colloidal material 
with 0’05 iV" hydrochloric acid. The results are given in Table V. 

Table V 



Total acid 

pH 

(average) 

Chlorine - 
ion 
cone. 

Sol Cl . 

j 

1 ■ 91 X 10-5 N (with NaOH ; eixrve 
18). 

6-7 X 10-5 iV' (with Ba(OH),; 
curve 19). 

6-05 

Nil 

Ultrafiltrate of 8ol 
Cx 

^ • 

6-4 

Nil 


The acid character of clay acid appears to depend, among other factors, on 
the method of preparation of the sol. The difference in the electrochemical be- 
haviours of sols C and Cl isolated from the same soil sample illustrates this point. 
Sol C is deiSbnitely more acid than sol Ci. Unlike sol C the titration curves 18 and 
19 (Fig. 9) of sol Cl with sodium and barium hydroxides show a difference ; also the 
total acid is greater than the free acid. Sol C is a dilute sol containing 0*44 
grm. of the colloid per litre while the colloid content of sol Ci is 0*72 grm. per 
htre. Also while sol C is practically free from iron, sol Ci contains eighteen per 
cent ferric oxide in terms of the oven-dried residue. This difference in ferric 
oxide content probably arises from the fact that whereas sol Cj had been electro- 
dialysed after a preliminary leaching with dilute hydrochloric acid sol C was 
electrodialysed directly. The above difference in composition of the colloidal mate- 
rial is p?*obably responsible for the mcongruous features presented by the two sols. 
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c. c. of 0*0064]^ alkali in 50 c. c. of sol. 
Fig. 9. Acid clay sol , 


o 


•6 


- 1 ^ 
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Neutral salts liberate (see later) considerable amounts of acid with both the 
sols. In view of the practically complete agreement between the free and total 
acidities of sol C, it is most interesting to note the liberation of acids by neutral 
salts from this sol. This observation is of fundamental importance in relation 
to the theoretical treatment of the properties of colloidal acids. 

Libeeation of acids by salt soldtioks 
Titrations of colloidal clay acids by salt solutions are of interest as throwing 
light, among other things, on the mechanism of the phenomena of exchange acidity 
of soils. Systematic investigations are necessary to understand the exact nature 
of the reactions involved. The results of experiments in this direction are given 
below : 



Total acid 
obtained by 
titration with 
alkalis without 
addition of 
salt 

Initial 

pH 

(without 

salt) 

Cone, of salt 
added 

pH after 
addition 

I of salt 

t 

Curve 

number 

Sole 

2-8 X 10'^ N . 

3*48 

0*037JVBaCl2 . 

2-86 

20 


Do. . 

3*80 

0*034iVKCl 

3-67 

21 

Sol Cl 

1-91 X 10~ N 
(with KaOH) 

5*13 

O-OOeiVBaCla . 

4-68 

22 


6-7 X 10“® N 
(withBa(OH)jj). 

5*05 

0.006N KOI 

i 

4-86 

23 


It will be seen that neutral salts liberate considerable quantities of acids from 
the clay acids — barium chloride being more powerful than potassium chloride 
in this respect [Mukherjee et aL, 1936]. As already stated the liberation of 
acids in the case of sol C is particularly interesting in view of the apparent 
strong acid character of the sol as indicated by the form of its titration curves 
as also by the agreement between the free and total acids. 

According to Mukherjee [1922] the liberation of acids by neutral salts arises 
from an interchange between the cation of the added electrolyte and the hydro- 
gen-ions electrically adsorbed on the surface of the colloidal particles. Exchanges 
with such cations will not alter the observed hydrogen-ion concentration of the 
medium so long as only the mobile hydrogen |pns interchange their places with 
the cations in the bulk of the solution. The osmotic penetration of the cations 
into the double layer may, under favourable circumstances, produce a shift in the 
distribution of the hydrogen ions between the primarily adsorbed layer and the 
mobile layer, and thus produce a variation in the observed hydrogen-ion activity. 
The interchange is governed by the relative adsorbabilities of the cations depending 
on their valencies, mobilities and states of hydration. One thus obtains the well- 
known valency series when electric adsorption alone determines the adsorbability. 
It is interesting to find that in all the above cases the concentration of hydrogen- 
ions in displacement equilibrium with different salts is in agreement with 
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the above series. Barium chloride in all cases liberates more acid than the alkali 
metal salts. 

The liberation of acids by neutral salts in the case of colloidal acids which 
are apparently completely dissociated (e.^. acid clay sol C) as is shown by the 
equality of their free and total acids is difficult to understand in the light of classi- 
cal electrochemistry as such acid liberation is tantamount to an incomplete dis- 
sociation. 



c. c. of salt solution (N) added to 40 c. c. of sol. 
Fig. 10. Acid clay sol C. 



N salt solution added to 40 
Fig. 11. Sol C. 
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Basicity of acid clay sols 

Colloidal clay acids Have often been looked upon as polybasio acids in true 
solution. The titration curves given in this paper bear no evidence of the different 
stages of dissociation characteristic of polybasic acids and are typical of mono- 
basic acids. The alkaline regions of the curve also resemble those of monobasic 
acids and the adsorption of alkalis by the colloidal particles is sufficient to account 
for their form. In agreement with the observation of some previous investiga- 
tors regarding stages of dissociation of soil acids sudden changes in the slopes of 
the titration curves have sometimes been observed in this laboratory but they 
disappeared when the colloidal solution was stirred vigorously during the titra- 
tion. These sudden changes simulate the stages of dissociation of a polybasic acid 
and arise out of local increases in the concentration of the alkali which has not 
mixed thoroughly with the whole liquid. 

The intensity factor of soil acidity 

While several methods exist for determining the total acidity and the degree 
of saturation of soils, it has not yet been possible to obtain an estimate of the 
intensity factor of the acidity. If the clay acids could be treated as acids in. true 
solution , titration curves would afford useful information regarding the total acidity 
and the intensity factor expressed as the dissociation constant. The foregoing 
results and also previous work from this laboratory show that the total amount 
of acid taking part in the interaction with alkalis is a variable quantity depending, 
among other things, on the nature and concentration of the alkali and on the extent 
of dispersion of the acid substance and is not simply determined by its total con- 
centration. The interaction involviog the interface constitutes the difference. 

The conception of a secondary ion adsorption (electrical and chemical adsorp- 
tion) put forth by Mukherjee offers a better understanding of the charaoteristid 
behaviour of colloidal acids. According to this view a colloidal acid clay particle 
owes its charge (negative) to the presence on its surface (by primary adsorption) 
of a fixed layer of ions. Corresponding to the number of these ions an equivalent 
number of oppositely charged ions remain in the liquid near the surface. A layer 
of oppositely charged ions may remain fixed on the surface by electrostatic and 
valence forces thus forming an osmotically inactive secondarily adsorbed layer 
on the surface. As already stated the liberation of acids by neutral salts is, on the 
above view, brought about by the interchange between electrically adsorbed 
hydrogen ions and the cations of the added electrolyte. The difference in the 
forms of the titration curves with sodium and barium hydroxides results from 
a stronger adsorption of the barium ion. The buffer action, particularly with 
barium hydroxide, in the acid region indicates the possibility that the surface 
molecules of the acid which are ‘ built into ^ the crystal lattice of the particles 
may have a stronger acid character than those in true solution* 
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According to the above view the nature of the primarily adsorbed ions and 
their state of adsorption determine the ‘ strengths ’ of colloidal acids. Experi- 
mental methods throwing light on the mechanism of interchanges between the 
ions in the double layer ’ and the ions in the intermicellar liquid can be outlined^ 
Thus the necessary information regarding the condition and the nature of the pri-.; 
marily adsorbed ions may be obtained. These aspects of the problem will be 
later more fully discussed, * 

SlJMMABy 

1. The electrochemical behaviours of several acid clay sols isolated from a 
number of soil samples with the aid of Sharpie’s Supercentrifuge, have been in- 
vestigated. The intensity of the acid character of these sols have been discussed 
with reference to the nature of their titration curves with different strong bases and 
with different concentration of alkalis. 

2. The initial pH values calculated from the e. m. f .’s of the hydrogen electrode 
sometimes show wide variations due,' probably, to a poisoning of the hydrogen 
electrode. The form of the titration curve is, however, very little affected by a 
* poisoned ’ electrode and the total acidity of a given sol calculated from dijBferent 
curves show satisfactory agreement inspite of appreciable initial diflFerences of the 
curves, 

3. Titration curves with dilute alkalis point to a moderately strong acid charac- 
ter. With concentrated alkalis a weak acid character is indicated. The curves 
are remarkably smooth. No evidence of stages of dissociation are obtained. 

4. The titration curves give evidence of reactions distinct from a simple neu- 
tralisation of hydrogen by hydroxyl ions. The curvature of the conductometric 
titration curves in the acid region and near about the endpoint, point to an adsorp- 
tion of the alkali by the interface. 

5. The total acid calculated from the titration curves is different with dif- 
ferent strong bases. With concentrated alkalis the particles coagulate in the 
alkaline region and the titration curves simulate those of weak acids with the 
difference that the final rise Srfter a fiat portion is not observed oven when the 
alkali added would neutralise several times the total acid calculated from the 
titration curves with dilute alkalis. The total acid is thus an indefinite quantity. 

6. Neutral salts liberate considerable amounts of acids from the sols the 

alkaline earth cations being more effective in this respect than the alkali metal 
eations. The effect of addition of neutral salts has been discussed from the point 
of view* of electrical adsorption of ions, 

7^ The results indicate certain characteristic bt?havioiirs of the clay acids and 
en-phasise the need of a theoretical treatment of these acids which must differ from 
that of acids in true solution. 

The author’s thanks are due to Professor J. N. Mukherjee, D.Sc. for his kind 
interest ip the work ; to the University of Calcutta for permission to work in the 
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Carbery, M.A., B.Sc., Agricultural Chemist to the Government of Bengal for sup- 
plying the soil samples. The author is grateful to the Imperial Council of Agri- 
I cultural Eesearehj India, for a grant which enabled him to carry out this work 

' and for other facilities. 
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INDIAN SOIL FUM 
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(Beceived for publication on 19th February 1936) 

In the earlier days of soil microbiology, attention was focussed almost 
exolcisively on the bacteria present. It is now realised that saprophytic moulds 
and other fungi are also of great importance in soil processes. They are, for 
example, the principal agents in the decomposition of cellulose and hemicellu- 
loses of dead plant material, and are capable of carrying out their activities with 
lower moisture retjuirements than are the bacteria. Certain soil fungi as well 
as soil baetena are capable of producing ammonia from the protein of plant and 
animal debris, thus assisting to make the organic nitrogen once more available 

for plant growth, although the later stages of conversion are left to the nitrite- 
and nitrate-forming bacteria. Conversely, nitrates and ammonium salts in the 
soil are converted by soil fungi into organic nitrogen, <• locked up ” in the 
fungal tissues, and only available to crop plants after the breakdown of those 
tissues. 

Another unportant aspect of soil saprophytes is the part they play in sup- 
pressing potential plant pathogens present in the soil. This may occur simply 
because they are better adapted to a saprophytic life and are thus able to starve 

certain instances [Weindling 
1932], the saprophjde may produce a definite toxin. 

11 xi-^ of *^>0 fungus flora of soU presents many difficulties. Xot 

all the organisms present are capable of growing on artificial media, and many of 
the Pathopmc fungi can only be detected by their effect on crop plants. The 
ungi that develop on laboratory media are the saprophytes and facultative 
saproph^es the majority of which belong to the difficult group of Fungi Imper- 
fect!. Identification is a matter of considerable difficulty, and no “ host index ” 
can be consulted as in the case of a plant parasite. 

Owing to the fact that fungi exist in the soil both as mycelium and spores, 
the numtes of comnies obtained on dilution plates of a soil sample by no means 

dottt 7 A cluster of 

“e^ro- " -hereas a mass of active mycelium 

Bacteria in the soil so out-number the fungi that precautions have to be 
taken to suppress bacterial growth~if possible without affecting fungal growth 
A fairly close approach to this can be made by slightly acidifying the nLi to a 
that checks bacteria but that has little effect on the majority of soil 

{ 678 ) 
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Subject to these limitations/ the ^‘ platmg technique gives ^ useful 

indication of the types of saprophytic fungi present. It may be supplemented by 
'' direct examination ’’ of mycelium in the soil, and by direct isolation ” of thb 
mycelium that is first jDut out jfrom particles of soil placed on an agar medium 
and incubated. Surveys of soil fungi have been carried out in various countries, 
and the most striking point brought out is the Universal distribution of the com- 
moner soil organisms. This is a point of economic interest, for most air infec* 
tions ” are really soil organisms accompanying du&t particles ; hence the moulds 
causing decay of foodstulfs, textiles, and similar industrial and agricultural pro- 
ducts show a remarkable similarity all over the world, and uniform methods of 
control can be adopted. The work ot Dale [1912, 1914], and Brierley [1923] in 
England ; of Jensen [1912], Waksman [1916, 1917], Werkenthia [1916], Gilman 
and Abbott [1927], and LeClerg [1031] in America; Bisby and his co-workers 
[1933, 1935] in Canada ; Oudemans and Koning [1902] in Holland, and Jensen 
[1931] in Denmark, may be mentioned, and a good summary of the earlier work 
is given by Waksman [1932]. 

In India, little attention has been given to soil fungi. It is very desirable 
that the soil flora of this country should be more extensively studied ; as, how- 
ever, it is not clear that such a study would lead to immediate practical results, . 
this work is perhaps more suitable to the Dniversities than to research workers , 
of the agricultural departments. Shaw [1915] records four isolations from Push 
soils ; Thakur and Korris [1928] describe about twenty -five species from Madras 
soil, with special reference to their power of cellulose decomposition and ammoni- 
fication ; Mason [1928] mentions five species isolated by Rhind in Burma; and 
finally Chaudhuri and Sachar [193-4] give full descriptions of thirty -two species 
isolated from soil samples taken at Lahore, 


Table I 


Soil samples for isolation of fungi 


Feburary 

September 

March . 

September 

March . 

October 

March . 

November 

April . 

October 

February 


Alkaline soils 
Pusa Garden soil . . 


1 Pusa G 

2 „ 

S „ E 

4 „ 

5 „ K 

6 „ 

7 „ L 

8 „ 

9 „ P 

10 

11 Karnal 


„ Experimental plot . 

,j Kitchen garden 

» 99 99 

„ Low land by river 

99 99 >» • . 

„ Permanent manural plot 


7‘4 

11*8 

11-4 


8-6 

7*9 

8*0 

8*3 

8*5 

8*06 

8-1 

8‘4 


6*6 

16*0 

4*5 

15*0 

13*8 

13*7 

18*3 


8*15 

7 ' 8 ’ 
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Table 

Soil Samples for isolation of fun^i 


No. 

Source 

Date 

Moisture 
per cent 

pH 

12 

Neutral soils 

Karnal . . . . 

October 

9*6 

6*9 

13 

Simla 

August 

23*5 

6*9 

14 

Acid soils 

Darjeeling (l"-4"). 

June . 


6*3 

15 

„ (6"-8'0 . . . 

9? * • 

. . 


16 

Mungpoo . . 

August 

40-0 

6*1 

17 

Ramgarh ..... 

>» • 

33-0 1 

6*5 

18 

Chaubattia . . . . 


6-0 i 

6*5 

19 

Kulu . . . . 

9> 

10*5 

6*5 

20 

Manali ..... 

99 

23*5 1 

1 

6*3 


ExPEniMENTAI 

The present account summarises a vary hasty survey of a number of soil 
samples taken in 19.^5, mainly from Pnsa and from certain hill districts in 
Northern India.. The sources from which, samples were taken are shown in 
Table I, and irom the first six of these two samples were taken, one in early 
summer and one in the wet season. 

Method of sampling and rMt^/ion.—Samples were removed by means of a copper 
cylinder measuring six inches in length and one inch in diameter, sharpened 
at one end and extended into a handle at the other. Several such cylinders were 
made and sterilised for use as required. When a soil sample was to be taken, 
the loose surface soil was pushed aside, and a plug taken of the top 4—6 in. ; 
this was repeated from six places a foot apart and the plugs of soil placed in a 
sterile stoppered jar. (Samples ofsoils 13— 20 were taken with an ordinary 
large spatula). At the earliest opportunity, the contents of the jar were rubbed 
through a sterile sieve of wire mesh, well mixed together, and after removal of a 
portion for moisture determination, returned to the stoppered jar. 

The moibture content having been determined, the equivalent of twenty- five 
grams of dry soil was weighed out and transferred to a one-litre Roux flask 
containing 250 c.c. of sterile tap water. The flask was then fitted with a rubber 
stopper— dipped in alcohol and flamed— and the contents shaken steadily for ten 
minutes. Three successive ten-fold dilutions were made by transferring with 
sterilised lO-c.c. pipettes to three lots of 90 c.c. of sterile water contained in 250*c.c. 
flasks. The second and third of the small flasks thus represented dilutions of 
1 : 1,000 and I : 10,000. Duplicate one-c.c. samples of each of these dilations were 
placed in Petri dishes and the agar medium added after cooling in the usual manner. 
The plates were inverted when set, and incubated at 25''C, In the absence of an 
available cool incubator, some of the earlier samples rose to summer laboratory 
temperature, which occasionally reached 35^0. 
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Media. — The medium principally employed was that recommended by 
Bisby [1933], i.e., Box’s agar acidified by the addition of 0*5 c.c. of 12*5 per cent 
lactic acid to each 100 c.c, medium. The acid was sterilised separately, and 
added at the time of plating. This medium suppresses bacterial growth very 
effectively, and is convenient to prepare and use. .For certain fungi, such as the 
Mucors, however, a sucrose medium is not suitable ; duplicate platings were 
therefore made on an alternative medium which was also acidified. At first malt 
extract agar was tried for the purpose, and later Quaker oat agar was used. 
Attempts to find a substitute for acidity in suppressing bacterial growth-— such 
as the employment of a medium of high sugar content— proved unsuccessful. 

Counts . — .'Approximate counts were made on the eight plates from each soil 
sample, and as a rule these fell consistently between 20,000 and 40,000 per gram. 
The only variation was in samples 14 and 15, where the soil just below the surface 
gave 40,000 — 50,000, and the deeper soil only 10,000 — 20,000 per gram. This 
is in agreement with usual experience that fungi are most plentiful in the toxi 
few inches of soil. 

Tvpes of fungi isolated 

The fungi recorded below represent those types which occurred most fre^ 
quently on the plates. It must again be emphasised that they represent only a 
portion of the total fungi present. Soils 11 and 12, for example, were known to 
contain Rhizoctonia, but no colony of this appeared on the plates. Mucors were 
infrequent, although the technique of direct isolation ” from particles of soil 
w^ould doubtless have yielded more. No Basidiomycetes were recorded. 

Isolations have been allotted to the correct genus whenever possible. Pending 
further data as to which soil types are really widespread in India, and which are 
merely fortuitous, species determination has not been pressed beyond the limits 
to which the general mycologist can safely go, without reference to specialists. 
At a later date, when more material is available, it may be possible to enlist specialist 
aid in the identification of Penicillium and Fusarium spp. isolated from Indian 
soils. 

.From the present samples, the genera most frequently isolated w*ere Aspef- 
gillus and PenicilUiimi the former being predominant in the Pusa soils. Several 
workers, c.y., Waksman [1917], have x>ointed out that is more abundant 

in warmer climates and Pemcillinmm cooler ones. Of tbe thirty-two Indian soil 
fungi described by Chaudhuri and Sachar [1034] twelve belong to the genus Asper^ 
gillus. In the following list the classification of Thom and Chur ch [1926] is adopted. 

Asp. niiulans Eidam occuri*ed most abundantly, being found in samples 
2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 14, 15. The isolations differed considerably, but all 
produced abundant perithecia, containing ascosxiores (rough in some isolations, 
smooth in others) with a double ecxuatorial frill. On mounting the perithecia in 
lactophenol and pressing gently on the coverslip, a characteristic purple colour 
is given by the spores. This speGies is recorded in Indian soils by Chaudhuri 
and Sachar, and by Thakur and Sforris, 
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Asp, niger t, Tiegh. comes next in order of abundance, in soils 1, 2, S, 4, 

7, 8, 9, 10 and 14. It has been recorded hy Shaw, Thaluir and Norris, Mason, 
and Chandhtiri and Sachar. 

Asv^ terreus Thom, a sand-brown form, was isolated from samples 1, 2, 3, 7, 
8, 10, 11. It is recorded by Mason, and by Chaudhuri and Sachar. 

Asp, usfns Bain. Isolations of a dark brown monld from samples 3, 6, 7, 9, 
JO and 15 differed among themselves, but agreed most closely with this species. 

Asp, fvmigatus Fres., one of the most abundant species in most soils, was 
unexpectedly absent from all the plates made from alkaline soils, although recorded 
from Pusa by Shaw [1915]. It occurred, how^ever, in samples 16, 18 and 19. It 
IS also recorded by Chaudburi and Sachar, and by Thakur and Norris, although 
the latter state that it has no cellulose decomposing activity, a statement that 
throws some doubt on their identification. 

Other species of Aspergillus were less abundant than those already named ; 
Asp,fiavipes E. et S., from samples 1 and 2, is recorded hy Chaudhuri and Sachar ; 
Asp, flaws Link, (samples 5, 11, 15) by Thaknr and Norris ; Asp, sydowi B. et S. 
(sample 7 only) by Chaudhhri and Sachar ; Asp. tarnarii Kita (sample 3) by 
-Mason ; while Asp, ochracevs (sample 6), and Asp, chevalieri Mang. (samples 7 
and 15) do not appear to have been previously recorded for India. Three isola- 
tions of Aspergillus spp. (from soils 11 and 15) have not been identified. 

Penicillium . — This genus was present in most of the soils, but was far more 
abundant in the acid soils from hill districts. Probably the lower temperature 
was the chief factor concerned. 

The systematy of Penicillium is still far from satisfactory, and exact deter- 
mination of even the weU-known species is a matter of great difficulty ; beyond 
these are several hundred species or strains all regrettably similar in their morpho- 
logy. For the present, the soil isolations recorded here are merely allotted to 
their main groups. 

Monoverticillata from samples 1, 7, 10, 11, 13, 15, 16 and 17. 

Biverticillata symmetrica from samples 10, 13, 14, 15 and 19, all giving 
purple or orange pigment. 

Unclassified from samples 2, 3, 8, 11, 15, 17 and 19. 

The remaining isolations, of the less abundant genera, may now bo taken in 
their systematic order. 

Phycomyoetes 

The Mucoraceae were comparatively infrequent on the plates made, and are 
probably less abundant than in temperate climates. The following types were 
found :* — 

Khizopus arrhizus Fischer, from samples 3, 6, 9, 13 and 17. This, closely 
related to Rhiz, nigricans Ehrenb., but is somewhat lighter in colour, has^ less wel- 
developed rhizoids, and is capable of growth at a higher temj^iiatu.tp. It ia 
recorded by Chaudhuri and Sachar. 
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Mucor spp. from samples 10 and 14. 

Cunninghamiella sp., probably C, echiwlaia (Tbaxt.) Saco, was obtained 
from sample 1. 0. elegaris Lend, is recorded by Shaw. 

SynccpJialastruM sp. Single colony isolated from sample 14. This may 
have been an atmospheric contamination. (SyncepJialis sp. was isolated from 
manure and may also be regarded as a potential soil organism in India. 

Ascomycetes 

Perithecial strains of AspeTgiUus eiiid Penicillium have already been dealt 
with. The only other Ascomycetes were two genera of the Sordariaceae and 

Byssochlamys 

Chaetomium ? indicum Corda from samples 5, 9 and 10. 

Sordaria sp. from sample 2. 

iByssoohlamys sp. On plates from samples 5 and 16 there occurred a 
whitish growth, later producing ochre coloured masses of conglomerate asci 
each containing a varying number of spores 2* 5-3' 5 X 2*5-3 p, No conidial stage 
was found. 

Fungi Imperfbcti 

The majority of genera isolated from soil belong to this group. Bisby [1933] 
states that of his isolations from Manitoba soils, over ninety per cent were Fungi 
Imperfect!. 

Phomaceae 

Phoma sp. was obtained from sample 5. 

Melanconiaceae 

Melanconium sp. from samples 5 and 7. Black spores 8-12 [i, x 3*0-3;5(i.. 
Waksman [1916] reports a species of Melanconium from soil with spores 6 •2-8 *6 
X 2* 5-2* 8 [A ; as in the present case, this species was found to be an active cellu- 
lose decomposer. 

Moniliaceae , 

Monilia spp« A number of isolations (samples 1, 2, 3, 9, 10, 11, 15 and 17) 
could only be grouped under this somewhat vague genus. The species from 1 
and 11 agrees weU with Monilia koningi Oud., which is recorded by Chaudhuri 

and ^achar. 7 

TrichodeTma Ugnorum (Tode) Harz, was abundant in samples 16 and 20. It 
was not isolated from anv of the alkaline soils. It is, however, reported in alkaline 
Sahara soils by Eilhan and Feher [1935]. This organism has been shown by 
Weindling [1932] to be parasitic on Bhizoctonia solani and certain other soil 

.'pathogens... ‘"‘gj 
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Dematiaceae 

?Boiryotnchum sp. (samples 1, 2, 7 and 10). Brown hair-like sterile hyphae 
present; conidia subhyaline, lens-shaped to spherical, 6-8 x 4-5- p. 

?Mesobotrys or Chaetopsis sp., from sample 11. 

Cladosporium herbarum Link was found in samples 1, 3 and 11 and other 
unidentified species oi Cladosporium (here used to include iTomodewdrow) from 
samples 1, 10 and 11. 

?Epochmum sp. isolated from samples lO.and 11. Both hyaline and doraatia- 
Ceous comdiophores. Some two-celled spores seen. 

^ Alternaria. Samples 5, 7, 11 and 14 yielded species of this genus, all belongin<r 
to the AUernana temiis group. 

Helmintliosporium sativum P. K. and B. was found in sample 11 and £1 
ietramera in sample 2. ’ 

Acrothecium lunatum Wakker from samples 10, 11 and 19. Recorded from 
Indian soils by Chaudhui-i and Sachar. 

Torula sp. An isolation from sample 15 is provisionally placed here. 

TricJiosporium sp. (from sample 7 only). Snore ineasurem m 


INDIAN SOIL FUNGI 


685 


Medium. — ^Aq. dest. 1,000 o.c. ; NaNO0 0*»5 grm. ,* K2HPO4 1*0 grm. ; 
MgSO^. m^O 0-5 grm. ; KCl 0-5 grm. ; PeSO^. TH^O 0*01 grm. 

The most active cellulose decomposes were : Aspergillus fumigatus, A. ustus, 
Asp. terreus, A. ochruceus, Penicillium spp. (mostly monoverticillate), Ghaetomium, 
Trichoderma, Melanconium, AUerriaria, Acrothecium, Helminthosporium, 8tysanus^ 
Dematium, Trichosporium and '^Epochnium. 

The following species grew on the filter paper, but less actively : A. nidulans, 
A. flavipes, A. niger, and A, flavus ; Penicillium Sordaria, Phoma, Monilia 
spp., fByssoMamys, Fusarium spp., Goniothecium and Botryotrichum, 

SUMMAEY 

Two hundred isolations from Indian soils have been made and allotted to their 
approximate systematic position ; about thir|y genera are represented. 

The most striking feature is the predominance of Aspergillus spp. in most 
of the soils examined, and the limited distribution of such common soil types as 
Aspergillus fumigatus and Trichoderma spp. 

The t3rpes most active in cellulose decomposition are recorded. 
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Intboductoby 

Many species of locusts exhibit more or less marked colour changes during the 
adult stage. Lefroy [ 1906 ] described these changes in Patanga mccinda, Uvarov 
[ 1911 ] in Locusta migratoria, La Baume [ 1918 ] in Docioslaurua maroccanus. 
Kiinckel had previously described this phenomenon in Schistocerca gregaria. 
Uvarov [ 1928 ] has summarised these colour changes in the above species, and with 
regards to Schistocerca gregaria he says : — In this species the adults for about a 
month after reaching that stage are of a wine-rose colour, which gradually changes 
to a brownish yellow ; the intensity of the latter increases and fuUy mature indivi- 
duals are of a brilliant yellow, the males being particularly brightly coloured, while 
the females are somewhat darker and have a greyish tint.” According to Uvarov 
[ 1928 ] : ‘‘ The extensive physiological changes that occur during the development 
of the genital products find their external expression in changes of coloradon 
The fact that, as a rule, the sexual maturity can be determined by the intensity of 
yellow^ing lends support to this view. 

The best method of studying the influence of the sex-glands, on i he change of 
coloration, is to remove them and note the eifect. This is the line along which 
wew'orked. 

The great practical importance of the phenomenon of change of colour is 
evident, because the colour of the fliers in a swarm provides an index to the degree 
of ripness ” of locusts for copulation and ovi position. 

^Studies on Forsk, 

I- The Micropyle in Schistocerca gregaria Forsk., and some other Acridiidae. 
Ind. J. 3 : 639-645. 

II. The Biology of the Desert Locust with special relation to Tempo rat are. Ind, 
J. Agric, Sci. 6 : 188-262. 

HI. Why Locusts Eat Wool ? A study in the hydroinania of Schistocerca gregaria^ 

Ind, J . Agric- Sci. 6 : 263-67. 
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This investigation formed part of the* Locust Research Scheme financed by 
the Imperial Council of Agricultural Research, India. The generosity of the Coun- 
cil is gratefully acknowledged. 

Technique 

A small slit was made, with a pair of fine scissors, in the pleural membrane 
of the 6th abdominal segment and the gonads removed by means of forceps. T|ie 
instruments were properly sterilised. The opening was sealed with ordinary 
parafBin wax. It was found convenient to make this cut in the left side of the 
insect. 


Table I 

Longevity of desexualised males and females 


1 

Date of 

Date of 

Date of 

1 Total 


Gage No. No. of adults 

acquiring 

operation 

death 

life in j 

Remarks 

1 

1 wings (1930) 

(1930) 

(1930-31) 

days 1 



(A) Overwintered brood (1930-31) 


6 

1 Male . 


4th Oct. . 

11th Oct. . 

20th Oct. 1930 . 

16 


5 

3 Males 


Do. 

Do. 

27th Oct. 1930 . 

23 


5 

2 Males 


Do. 

Do. 

3rd Nov. 1980 . 

30 

-No females were provided. 

5 

1 Male 


Do. 

Do. 

3rd Dec. 1930 . 

60 

5 

1 Male 


Do. 

Do. 

31st Mar. 1931 . 

178 


5 

1 Male 


Do. 

Do. 

8th April 1931 . 

186 


6 

1 Female 


Do. 

8th Oct. . 

9th Oct. 1930 . 

5 


6 

3 Females 


Do. 

Do. . . 

10th Oct. 1930 . 

6 


6 

2 Females 


Do. 

Do. . 

27th Oct. 1930 . 

23 


6 

1 Female 


Do. 

Do. 

17th Nov. 1930 . 

44 


6 

1 Female 


Do. 

Do. 

19th Nov. 1930 . 

46 

-No males were provided. 

6 

1 Female 


Do, 

Do. 

29th Nov. 1930 . 

56 

6 

1 Female 


Do. 

Do. 

26th Nov. 1930 . 

83 


6 

1 Female 


Do. 

Do. 

29th Mar. 1931 . 

176 


6 

2 Females 


Do. 

Do. 

5th April 1931 . 

183 


6 

1 Female 


Do. 

Do. 

24th April 1931 . 

202 


11 

1 Female 


IGth Oct. . 

16th Oct. . 

9th April 1931 . 

175 ■ 

] 

10 

1 Female 


4t.hGct. . 

17th Oct. . 

4th May 1931 . 

212 

i-Castrated males were pro - 
vided and copulation 

12 

1 Female 


16th Oct. . 

16th Oct. . 

9th April 1931 . 

175 

j occurred. 

34 

IMalc 


4t.hOct. . 

11th Oct. . 

4th April 1931 . 

182 ' 

"1 Normal females were pro- 







y vided. Copulation and 

35 

1 Male 


Do. 

Do. 

18th April 1931 . 

i 196 

J egg-laying took place. 

11 

1 Male 

1 Male 


Do. 

19th Oct, . 

30th April 1931 . 

208 

1 Desexualised females were 

; 12 , 


16 th Oct. . 

16th Oct. , 

20th May 1931 . 

216 

^ provided. Copulation 

occurred. 

IMale 

14 


Do. . 

Do.. , . j 

16th April 1931 . 

182 

J 




INDIAN JOURNAL OF AGRICULTURAL SCIENCE 


(B) Sprmg brood (1931) 


8-|~2 


Normal male was provided 
_ on 2n(i June 1931. 

Normal male was provided 
on 2nd June 1931. Co- 
^ pulatioiis were ob.served. 

j-Normal male was provided. 


14±4 


Castrated male was provided 


■Normal 

vided. 


Table II 

Longevity of normal adults 


(A) Overwintered brood (1930-31) 

(1930) (1931) 

16th Aug. to 6th 13th Api il 

Sept. 

6th-7th Oct. . . 25th April 

2nd-7th Oct. . . 2.5th April 

Oo. . . 13th April 

Oo. . . 30th April 

Oo- • • 19th April 

Oo. . . 26th April 

27th-31st Oct. . 5th April 

Oo- • . 26th Feb. 

(B) Spring brood (1931) 
nth- 15th July . nth Sept. 

Oo- ■ • 31st Aug. 

26th-29th June . 16th Aug. 

Oo- • . 22nd Aug. 

12th-16th July . 30th Aug^, 

Oo- • . 6th Sept. 

16th-26th July. . 30th Sept. 

Oo- • . 20th Sept. 

All the operated males that had copulated were dissected at 
e.xamined. In no case was any trace of the testes found and we < 
that the removal was complete and the organ had not re-^ener 


Female 


Female 

Male 

Female 

Male 

Female 

Male 

Female 

Male 


Q 1 Female 

Q 1 Male 

II 5 Female 

II 5 Male 

II 7 Female 

ri 7 Male 

fl 1 1 Female 

nil Male 


1 Female 

18th— 25th 
May 

31st May . 

28th June . 

1 Female 

18th-— 25th 
May 

Do. 

16tli July . 

.1 Female 

18th— 25th 
May 

Do. 

5 th June 

1 Female 

2nd— 8th 
June 

10th June 

5th Aug. 

1 Female 

18th— 25th 
May 

31st May , 

18th June . 

1 Female 

20th May to 
5th June 
21st June . 

5th June . 

22nd June . 

■ 1 Female 

23rd June. 

3rd July 

1 Female 

25th May to 
5 th June 

5th June . 

23rd July . 

1 Female 

20th May to 
5th June 

8th June . 

28th June . 


Cage No. 

Sex 

Date of 
acquiring 

Date of death 

Total 

life 



wings 


(in days) 


Cage No. 


1 Date of 

Date of 

Date of 

Total 

^ No. of adults. 1 

! acquiring 

operation 

death 

life in 

i 


wings (1930) 

(1930) 

■ 

(1930-31) 1 

days 
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LonaEVITY OF DESEXITALISBD ADULTS 

Table 1 gives data regarding the longevity of the adults which had been oper- 
ated upon. It mil be noticed that in the case of the overwintered brood about 
sixty per cent of the individuals died within the first two months or so of the oper- 
ation, but the remainder survived for fairly long periods extending to 216 days. 
These figures compare very favourably with those of the longevity of the normal 
overwintering locusts of which a few representative cases are given in Table II. 

Similarly, of the desexualised locusts of the spring brood, which were bred 
in the laboratory in 1931, about fifty per cent died within the first fortnight of 
the operation, while the remainder survived from twenty-five to sixty-four days. 
This again compares favourably with the longevity of normal locusts of the spring 
brood (Table II). It is evident, therefore, that the total extirpation of the sex- 
glands does not essentially interfere wuth the general life of the individuals. 

Colour changes 

The overwintered insects, which had been operated upon, were greyish pink 
at the time of acquiring wings (October 1931), but as they advanced in. age, they 
began to exhibit the characteristic colour changes. At first the bases of tegmina 
began turning yellow, and the deposition of the yellow pigments was then noticed 
on the abdominal segments. By about the middle of April most of the adults 
had developed bright yellow colour all over the body and this was particularly so 
in the male. This change in colour took place independent of the fact as to whether 
the adults were kept isolated (to simulate conditions of the solitary phase) or in 
twos or threes i.e. crowded (to simulate the conditions of the swarming phase). 

As stated above it is generally believed that the development of the yellow 
pigment is connected with the maturation of the gonads. According to Vosseler 
[ 1905 ] ^ the appearance of the yellow tint in the African Locust must be connect- 
ed with the dissolution of the fat body, the yellow pigment being a bye-product 
that remains after the reserve material from the fat-body is used for building 
up the genital products [ Uvarov, 1928 ].’ Bucher, La Baume and others [ 1918 ], 
however, are of opinion that ‘ there is no direct physiological connection bet- 
ween the colour changes and the development of the genital products’. Their 
main argument is, that whereas the yellowing takes place simultaneously in both 
sexes, the female matures later than the male. They regard that the change 
in colour arises from senility rather than the development of the sex-glands. 
Our experiments have clearly shown that the development of yellow colour can 
take place even in the absence of the sex-glands. 

Attention may also be drawn to another fact. Even the hoppers of 8c Mstocerca 
gfegaria in the gregarious phase may have intense yellow as the general colour 
of their body, black pigment in the cuticle forming a pattern over it. At the same 
time it has to be accepted that generally, if not always, the adults of the gregarious 
phase do develop yellow colour when sexually mature. 


590 


INDIAN .TOUENAL 03? AGEICULTDEAL SCIENCE 

Sexoal behavioub oe desexitalised adxjlts 


[VI. HI 


The adults of which the gonads had been removed acted as normal mdmduals 
in their sexual behaviour. Indeed, they displayed marked tendency for copulation, 
which continued throughout the breeding period i.e. from the middle of January 
to the end of April. In one instance a female, without ovaries, was first providct 
with a normal male with which she was observed to copulate ten times Subse- 
quently she was provided with a male which had been castrated and they were 
observed to copulate fifty-five times. This female lived for 175 days and her 
castrated mate for 208 days. Similarly in another case where the ovary-less 
female had survived for 212 days, she was observed to copulate with a castrated 
male sixteen times. The duration of coitus ordinarily lasted from thirty mmutes 

It is thus evident that the removal of the sex-glands does not inhibit the copu- 
lation reflex, on the other hand, the act which remains unconsummated is repeated 
oftener and is prolonged in duration, showing that sexual apetite is greatly intensi- 

^ It has been observed that generally the females which have not copulated 
do not oviposit, but occasionally such females do lay eggs, which develop partheno- 
ceneticaUy. Parthenogenesis is by no means rare among locusts. It is a sig- 
ficant fact that the normal females mating with castrated males oviposited as ire- 
Quently as the normal females mating with normal males, but when compared 
with the normal females that had never mated, normal females matured when 
the desexuahsed females laid a larger number of egg packets. This shows that 
while the sexual act, perhaps, provides the necessary stimulus for the processes 
connected with oviposition, the actual transference of sperms from the male to 
the female is not necessary to set up the reflex. 

Cl 


Desexualised adults can live as long as the normal adults, and develop yellow 
niament to the same degree as the normal insects. Their sexual behaviour remains 
unaltered. Thus for the development of the yellow coloration the presence of sex- 
glands is not necessary. 
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PLATE XXXIII 


P 4 ? 



Fig. 1« Devolving wire gauze drums : — 1. electric motor ; 2. gear box ; 3. liorizontal bar carrying 
the drums ; 4. glass sides of the drums ; 5. entrance to the drums ; 6. wire gauze side of the 
drum ; 7. ball-bearing support for the horizontal bar at its free end. 



Fig. 2. Somersault cylindrical cages : — 1. wire gauze cylindrical cage; 2. cork stopper • 3. 
leaf pinned for feeding ; 4. clip holding the cage to the horizontal bar, 5. ; 6. free-wheel 
7. ball-bearing support ; 8. bucket with siphon arrangement, 9, at the bottom ; 10. the Veight\^ 
11 . bic> cle chain attached to the weight and the bucket ; 12. water pipe running to the bucketr 
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L Introduction f 

The most characteristic feature by which the hoppers of the gregarious phase 
and those of the solitary phase stand out from each other is their coloration. 

Studies on tScMstocerca gregaria Porsk. 

I. The Micropyle in Schistocerca gregaria Forsk, and some other Acridiidae. Ind* 
J, Agric. Sci. 3 : ( 39-615. 

II. The Biology of the Desert Locust with special relation to Temperature. Ind. 
J. Agric. Sci. 6 : 188-262. 

III. Why do Locusts Eat Wool? A Study in the Hydromania of Schutocefca 
gregaria. Ind. J, Agric. Sci. 6 • 263-67. 
lY. Colour Changes and Sexual Behaviour in Desexualised ScJiisiocerca gregarm 
Adults. Ind. J. JL grnc. jS'cL 6 :586-90. 

\ This contribution is one of the series based on the work done under the Locust 
Research Scheme of the Imperial Council of Agricultural Research, India. 
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A ‘ gregarious ’ or a sw&rming phase hopper, or a hopper bred crowded, ’is distin- 
guished by the presence of a black pattern, which is absent in a ‘ solitary/ ’ or a 
non-swarming phase hopper, or a hopper, bred in isolation the latter being 'a shade 
of green in colour. It is well known that one can change at will the coloration 
of a hopper born as a non-swarming phase hopper into the coloration typical of 
the swarming phase hopper, by breeding it under crowded conditions. And, con- 
versely, one can change the coloration of a swarming phase hopper into the colora- 
tion of a typically non-swarming phase hopper by breeding it in isolation. 

In nature the hoppers of the swarming phase live a very active life. They 
spend a major portion of the day, and under certain conditions even a portion 
of the night*, actively marching in band formations. Even during the periods 
of halt they are in a state of agitation on account of excessme crowding. On 
the other hand, a non-swarming phase hopper spends its life in retirement in 
buslies and moves about only a little. 

It appears that the presence of black pigmentation on the various parts of 
the body of a hopper and its active mode of living go hand in hand,while the 
absence of the black pattern is associated with an inactive mode of life One 
depends upon the other and one leads to the other. For instance, the develop- 
ment and retention of the black pigment depends upon the activity of the indi- 
vidual, and It IS the black pigmented hoppers which are more active. In the case 
of a non-swarming hopper, that causal factor. — active life— being absent the black 
pattern fails to appear. If that be the case, then a non-swarming hosier or a 
hopper bred isolated, if forced into activity, would, in spite of its solitary life 
acquire the black pattern which is normally associated with a crowded life. ’ 

We arranged to force hoppers into this activity in two different ways. In 
one case the isolated hoppers of the non-swarming type were made to march 
a certain distance every day in specially devised apparatus. The second method 
simp y consisted in keepmg the isolated f non-swarming hoppers constantly in 
Orthoptoa hoppers 01- adults of some common grasshoppers and other 

_ The coloration of the hoppers from stage to stage in the experiments given 
,m this paper has not been described in detail. Instead, to express the extent 
and intensity of black pigmentation, we have used certain terms. Typical cases 
are illustrated by coloured drawings. The terms employed are : ‘ Green ivm ’ 

‘ Intermediate ' and ' Black type ^ 

■<hKn (jpe' indictes a hopper which is completely free from Mack pfe- 
ment.ton.mdh«grwbcdjoolo«r. The fiye stages of green type hopper, arc 
d tostrated by Rp. 1 to 6 (Plato ZXXIV). On the other hand a hopper having 
black pigmentation typical of the hopper, in a marm, or in a crowd 


* Swanns of locust hoppers are known to continue 
during hot and moonlit nights. 

t Isolated from members of its own species. 


their diurnal 


marches 



PLATE XXXIV 


TYPICAL GREEN HOPPERS 


Fig. 1. I stage (x2-5) ; Fig. 2. II stage (x2-5) ; Fig. 3. Ill stage (xl' 
Fig. 4. IV stage (xl'5); and Fig. 5. V stage (Xl'l) ; with enlarged 
view. s of the nrono tnin and some abdo minal spf^menta 
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(in til© optimum temperatnr© of about 30*^0-) has been called Black type . Black 

hoppers of 2ad to 5th stages are illustrated by figs. 1 to 4 (Plate XXXV). 
The term ‘ Intermediate ’ indicates that state of black pigmentation which is 
midway between the ‘Black and the ' Oreen type’. Thus a typical fifth stage 
‘ Intermediate ’ hopper appears like fig. 5 (Plate XXXV) . Since all shades of black 
pigmentation between the ‘ Black type ’ and the Green type appear, it has been 
found necessary to make further differentiations. Hoppers having more of black 
than the Inlemiediate have been described as ‘ Intermediate nearer black type 
while those having less of black have been described as “Intermediate nearer 

green type 

We have great pleasure in acknowledging the help of Mr. Munawwaruddin 
Siddiqi, Artist of the Entomological Section, Lyallpur, who prepared the plates 

for us. , 

11. Previous work 

So far as we have been able to ascertain, only two investigators have attempted 
to test the influence of physical exertion on the development of black pigmenta- 
tion in locust hoppers. Plotnikov [1927] worked on Locusta migratoria (Migra- 
tory Locust) and Eaure [1932] on Locustana pardalina Walker (the Brown Locust) . 

Eaure [1932] tried to force the hoppers of the Brown Locust into activity by 
a number of contrivances, of which his “ Jarring apparatus ” yielded some results. 
Of the 342 isolated hoppers that he subjected to “ muscular exercise only twenty, 
six (7 -6 per cent) survived to the fifth stage. Of these only thirteen hoppers (15 
per cent) maintained soUtaria coloration, 11 hoppers (42 per cent) turned into 
transience and only 2 hoppers (7 -7 per cent of the hoppers that reached V stage 
andO-58 per cent of the total number of hoppers) acquired the ‘ gregaria’ 
coloration.. 

His experiments in which he crowded the hoppers of the Brown Locust with 
those of the other species are open to criticism. He placed a number of hoppers 
(six or seven) of Locustana, pardalina in each cage in association with other hoppers. 
Six or seven hoppers of a species in a cage of the size he used (18 in. x 9 in. x 
15 in.) would by themselves constitute a ‘ crowd ’ dense enough for the develop- 
ment of the characters of the phase, 'gregaria’. 

Although Plotnikov’s experiments [1927] had yielded negative result, yet a 
br|ef review of his work w'ill not be out of place. 

To determine whether the excretory products were responsible for the develop- 
ment of the swarming coloration, Plotnikov, following Uvarov’s advice, fed soli- 
tary hopjiers of Locusta migratoria and L. danica on vegetation abundantly 
moistened with water f'xtract of larval excreta. The result was negative. 

To tost if mechanical stimulation, caused by reciprocal jostling in a crowd, 
was instrumental in the production of the black pigment, he forced hoppers, 

which were reared isolated, to move for about fsvo hours in glass globes fixed on a 
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revolving wheel. However, ‘the difficulty in judging the exact moment of 
moulting, when the hopper should be in a state of rest, as wffil as technical diffi- 
culties did not permit him ^ to attain that state of mechanical irritation in the 
experiment which is received by a hopper moving in a swarm The result of 
this experiment also was negative. 

In the following year (1926) he caused mechanical irritation to be applied 
for several minutes daily to solitary hoppers, in those regions in which the black 
patterns are present in crowded hoppers, by means of soft silk cord-like brushes 
fixed on a rapidly revolving small wheel. The moulting time was avoided. He 
carried on the experiment up to the fourth soage when the experiment was dis- 
continued, because he saw no hope of obtaining the result he expected. He 
concludes : ‘‘ Thus my idea as to the swarming coloration being caused by me- 
chanical irritation of the skin must be given up ’h 

He sought for an explanation for the production of black pigment in starva- 
tion., cannibalism, temperature and humidity, but from his experiments he con- 
cluded that none of these factors caused the deposition of black pigment. 


(A) HEVOLVrXG WIBE-0ATJZE DBITMS 

The “ revolving wire-gauze drums'’ (Plate XXXIII, fig. 1) consisted of six 
wire-gauze cylinders, four inches in diameter and three inches long. The two flat 
sides of the cylinders were of glass sheets ^ , each with a hole in the centre. Through 
these holes the cages were fixed on a horizontal bar, which was slowly revolved 
by means of an electric motor. The wire-gauze side was provided with a small 
entrance and door. The apparatus was so placed in the room and the 
rotation was so adjusted that the dram resolved from above downwards towards 
the brighter side of the room. 

♦ At first cardboard sides were provided "or the drums. These forming a con* 
venient parking place for the hoppers when the apparatus was worked, told upon 
the efficiency of tjie apparatus and had to be replaced by glass sheets. 


III. Physical exercise through muscular exertion 

The construction of onr apparatus,"designed to force activity into the life 
of the hoppers bred in strict isolation, was based on the following characteristic 
behaviour of the hoppers of the Desert Locust. 

it is a matter of common observation that these hoppers when placed in a 
breeding cage mostly remain near the top of the cage and towards the source of 
light. They also show a tendency to keep their heads pointed away from the 
ground. Bodenheimer [1930] has also described this behaviour. Taking ad- 
vantage of these tendencies we used revolving wire gauze drums and somersault 
cylindrical cages, described below, to force hoppers into muscular exercise. 
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A hopper placed in a cage of this type behaved in the following manner 
When the apparatus was not working the hopper approached the brighter side 
and climbed up the side of the drum to keep its head upwards. As the apparatus 
was worked the drum moved from above downwards. The hopper was thus 
carried down and brought in a darker place and in a horizontal position. To 
bring itself to the original position, the hopper marched upwards. But this 
attempt was constantly nullified by the slow and continuous movement of the 
drums with the result that the hopper contmued to move on and on. Unfor- 
tunately all the hoppers, particularly in earlier stages, did not respond with the 
same readiness. It was, therefore, found necessary to introduce small pieces of 
pith or cork in each drum to act as ‘ whips ^ for the sluggish ones. The speed 
of revolution of the drums was adjusted to avoid over- carriage of the hoppers. 

The apparatus was worked only during the day, between ten and seventeen 
hours, with an interval between thirteen and fourteen hours for rest and feeding* 
A drum revolved about fifty times an hour and its circumference was about 12*5 
inches. Each hopper therefore could have a maximum walk of about 312 feet 
a day. The average distance walked was, however, shorter than this. 

During the period that the drums were not revolving, the hoppers were either 
supplied with cotton or cabbage leaves placed in the drums, or they were trans- 
ferred to these plants in pots. They were, however, kept in strict isolation* 
(Details are given under each experiment.) 


(B) SOMEKSAl^LT CVLINDRICAl. CAGES 


The use of bits of pith or cork, in revolving drums, however, brought 
in another factor, namely, the stimulus of contact. In order to avoid this we 
devised the following apparatus which worked more satisfactorily and gave more 
convincing results than the ‘‘ revolving drums ’k 

In this case also advantage was taken of the positively phototropic and nega- 
tively geotropic responses of the Desert Locust hoppers. The apparatus (Plate 
XXXIII, Fig. 2) consisted of wire-gauze cylindrical cages (3 feet long and 2 inches 
in diameter) arranged vertical^ and fixed to a horizontal bar along their middle. 
The horizontal bar was attached to a bicycle free-wheel over which ran a bicycle 
chain. One end of the chain was fixed to a bucket. This bucket had a siphon 
arrangement and when the level of water in the bucket reached the siphon level, 
the siphon began to work and emptied the bucket very (piickly. To the other 
end of the chain was fixed a ‘ weight ’ which was heavier than the empty bucket, 
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but lighter than the bucket with water at the siphon level. The bucket was 
placed under a tap and water dripped into it. When the water in the bucket 
reached the siphon level, the bucket became heavier than the ' weight ’ and 
went down, pulling the chain and thereby turning the horizontal bar round and 
rotating the cylindrical cages, through 180°. Soon after, the siphon started work, 
the bucket was emptied and the ' weight * went down pulling the bucket up. 
This movement, however, did not effect the horizontal rod and the cylindrical 
cages on account of the free-wheel arrangement. The cylindrical cages thus 
turned one way only, namely, with every downward movement of the bucket. 

The open ends of these cylindrical cages were fitted with cork-stoppers, to 
each of which was pinned a green leaf, which served as food. The apparatus 
was set up in a dark room and near the top-ends of the cages was placed a 100 
' candle power electric lamp. The timing for the rotation of the cages was con- 
trolled by the speed with which the water dripped. After every twenty minutes 
or so the cages turned over. 

The apparatus had several advantages over the revolving drums ’h Tn 
the first place there was no foreign matter in the cages, and so the stimulus of 
contact was altogether eliminated. Secondly there was a provision for a constant 
supply of food inside each cage. The third very important advantage was that 
the interval between two turnings, even if it happened to be shorter than the period 
during which a hopper was able to traverse the whole length of the cylindrical 
cage, did not adversely affect the normal activities of the individual ; because : 

(i) the hopper, irrespective of its position in the cage, took a turn for f/he upper 
and more lighted end of the cage whenever the cage took the somersault ; and 

(ii) it was in a position to take rest whenever required and could moult without 
anything striking against its body. The last is particularly important, because 
an interference at the critical stage of moulting invariably results in death and 
it is this fact which accounts for the early deaths in a large number of cases in 
the ‘ revolving drums Lastly the apparatus could be worked continuously 
without constant attention and the hoppers did the maximum walking they were 
capable of doing. 

(C) OBSrmvATTOKS 

Experiment t (Revolving drums) 

The hoppers in this experiment were taken from two hatchings . 

Previous history . — The ' solitaria' adults of both the pairs (Pi>i: and P57) 
were collected at Pasni (Mekran coast) on 8th August 1932, and were received at 
Lyallpur on 19th August 1932. They vrere reared in pairs in wire-gauze cages 
(9 in. X 9 in. X 9 in.). 
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FeiDale P54 laid eggs on 31st August 1932, which hatched on 14th September 
1932, The hatching consisted of sixty -two green hoppers. 

Female P57 laid eggs on 31st August 1932, which hatched on 14th September 
1932. The hatching consisted of sixty-four green hoppers. 

Thus all the hoppers had distinct ‘ solitaria’ tendency. 

Conditions. — The experiment was started on 14th September 1932, and \ 7 as 
conducted in the rearing room, the temperature during the experiment being :* — 

Highest maximum — 35°C. Highest minimum — 32°0. 

Lowest maximum — 29°0. Lowest minimuni — 24°C. 

Average maximum~3P0S°C. Average minimum— 27* 13°C. 

The food supplied v/as cotton leaves. 

There was no pith or cork in the drums. 


Experiment 2 (Revolving drums) 

Previous history. — Reference No. of parents, P91. 

The parents were collected at Sonmiani (Mekrari Coast) and received at 
Lyallpur on 31st October 1932. They had marked solitaHa ’’ characters and 
were reared in pairs. 

The time of egg laying was not recorded. The hoppers hatched out on 1st 
February 1933 — an all green hatching. Thus the hoppers had a distinct ‘ soli- 
tom ' tendency. 


Conditions. — ^The experiment was started on 1st February 1933 and was 
conducted in the hot house which was artificially heated. The temperature 
during the period w^as : — 

Highest maximum — 37*2°C. Highest minimum— 30 * 3°C. 

Lowest maximum — 27*2°C. Lowest minimum— 26* 

Average maximum— 32* 05T-. x\verage minimum— 27* 5°C. 

The hoppers were removed from the drums after exercise anc placed on 
cabbage plant for feeding. Pith and cork pieces were also placed in 1 le drums. 
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Experwient (Eevolvmg drums) 

Previous history, — Eeferenee No. of parents, P186. 

The parents were of the ' soUtaria ’ type and were received from Pasni on 
8th August 1933. They were reared as a pair in the laboratory. The eggs were 
laid on 2nd August 1933 and the hoppers hatched out on 15th August 1933, the 
hatching consisting of forty-five green hoppers. Thus the hoppers had marked 
‘ soUtaria * tendency. 

Conditions.— The experiment was started on 15th August 1933 and was 
conducted in the rearing room, the temperature during the experiment being : — 

Highest maximum — 37 * 7°C. Highest minimum — 31 * 0°C. 

Lowest maximum — 28 • 0°C. Lowest minimum — 26 • 

Average maximum— 30 • 87°C. A verage minimum— 28 - 0®C. 

Cotton leaves were supplied as food. 

Pith and cork pieces were also placed in the drums. 

Ex 2 yeriment 4 (Somersault cages) 

Previous Mstory, — Eeferenee No. of parents, PI 10. 

The parents were collected from Sonmiani where they were found in solitary 
state, but on receipt at Lyalipur on 31st October 1932 were described as not 
having typical ‘ soUtaria * characters*’. They were reared in pairs. 

The eggs were laid on 6th July 1932 and the hoppers hatched out on 30th 
December 1932. The hatching was a mixed one and consisted of fifty-eight 
green and seventeen intermediate hoppers. Pure green hoppers were selected 
for this experiment. Four of them (PllO/2, PllO/3, PllO/4 and PllO/5) were 
reared isolated on cotton plants during the first stage and were placed in the 
experimental cages after the first moult. They were green in the first as well 
as in the second stage. The fifth hopper (PI 10/6) was reared isolated on cotton 
plant during the first, second and third instars, and from the beginning of the 
fourth instar onwards it was reared in a c^dindrical cage of the somersault appa- 
ratus **. During all the instars, including the fourth this hopper was of green 
colour. 

Thus, in all cases, before subjecting the hoppers to experimental conditions, 
their 5 oZi/am tendency was established. 

Conditions, — The experiment was started on 7th January 1933 and was 
conducted in a dark room artificially heated by means of electric heaters. The 
temperature during the period was:— 
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Highest maximum — 35°C. Highest mi mmum™28®C. 

Lowest maximum — 30°C. Lowest minimum — 24°C. 

Average maximum — 33°0. Average minimum — 26*5®C. 

Cotton leaves were provided for feeding and were pinned on to the corks 
of the cylindrical cages. The leaves were changed thrioe a day, at 9, 13 and IS 
hours, 

(D) Remarks 

In Table I, has been described the extent of black pigmentation obtained 
by the hoppers from instar to instar in experiments (1) to (4). In experiment (1) 
the experimental hoppers did acquire black pigmentation, but not to the degree 
which was typical of the hoppers reared crowded at that temperature. Thus 
the blackest hopper of thivS experiment could only be described as ^ Intermediate \ 
In this experiment no pith or cork pieces were introduced into the cages and in 
the absence of this material, which acted as a sort of ‘ whip the hoppers did not 
undergo the amount of physical exertion necessary for the development of the 
degree of black pigmentation typical of a ‘ Black type ’ hopper at this 
temperature. We give the duration of the life cycle of these hoppers in Table 
II. The control hoppers remained green. 

Pith and cork pieces were introduced in experiments (2) and (3) and black 
pigmentation obtained in these was more extensive and intensive than in experU 
ment (1) (Table I). In fact, all the hoppers, in experiment (2) were described 
as ^ Black Type * in the last hopper stage, and all the hoppers in experiment 
(3) had acquired the degree of black pigmentation which was indeed very near 
the * Black type \ All the control hoppers were, of course, of the ‘ Green type * 
throughout. Tables III and IV give the duration of life -cycle of the hoppers in 
experiments (2) and (3). 

The fact that all the hoppers in experiment (4) (Somersault cages) ac(juired 
in the fifth stage the black pigmentation of the intensity of the 'Black type* hopper 
is particularly significant, in view of the fact that one of the hoppers (PI 10/6) 
was forced into activity during one stage only, namely, the fourth stage, and 
the other four hoppers during three of the hopper stages. It may be pointed out 
once again that while these hoppers in experiment (4) were forced to march to 
their maximum capacity, the somersault apparatus working continuously, the 
hoppers in experiments (1), (2) and (3) were forced into activity for about six 
hours a day oiJy. This explains the quicker appearance of the black pigmenta- 
tion in experiment (4). The duration of the hopper stages of this experiment 
13 given in Table V. 
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Table II 

Life history of hoppers in experiment 1 
Reference : — P54-57. 

Temperaturt : — ^Average maximum— 31*08^^0. 

Average mmimuiB — 27*13''C. 


Experimental 


Control 


El E2 E3 E4 Cont. 1 Cent. 2 Cont. 4 



14th Sept. 1932 
15th „ 

16th „ „ 

17th „ 

18th ,, ,, 

19th „ „ 

20th „ ,, 

21st „ „ 

22nd „ „ 

23rd „ „ 

24th „ 

25th „ „ 

26th ,, „ 

27th „ „ 

28 th 9, 99 

29 th „ „ 


1st Oct. 


4tli ,, ,, 


II II 



II II II 


in III 


Note. — indicates death of the hopper i 



III III 
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Taele — II— contd 


Dates 

Experimental 

Control 

E 1 

E 2 

E 3 

E4 

Cont. 1 

Cont. 2 

Cont. 4 

6th Oct. 1932 . j 



(D) 


' ' 



6tli „ ,, 





' 



7th „ „ . 1 





IV 



8th „ 







IV 

9th „ „ 






IV 


10th „ „ 








lltll, jj jj , 








12th „ 

IV ' 
f 



, 



13th „ „ 




IV 

(D) 




Mth „ 








16th „ „ . 

(D) 




V ■ ' 

V 


16th „ „ . 







V 


Note. — D indicates deatli of topper. 
Table III 


Life history of hoppers in experiment 2 
Meference : — No. P91 

Temperature of hot house : — ^Average Maximum — 32*05°C, 

Average Minimum — 27 * 6®C, 


Dates 

Experimental 

Control 

R1 

R2 

R3 

114 

R5 

R6 

IstFeb. 1933 

I 

li 

I 

I 

I 

I, 

2nd „ ... 

1 

1 

! 



1 


3rd 
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Dates 


Experimental 


Control 


R1 R2 R3 R4 R61R6 



IsroTE . — D indicates death of the hopper. 

Ill (a) and III (6) represent the normal and the extra third stage. 



. 
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Table IV 

Life history of hoppers in experiment 3 


Reference No. P136 

Temperature of rearing room'.— Average maximum — 30 • 87°C. 

Average minimum — 28*0°C. 


Dates 

Experimental 

Control 

A 

C 

E 

B 

I 

15th Ang. 

1933 . 



I 

I 

I 

I 

I 

16 th 


99 • 








17th 

>» 

99 • 








18th 


99 • 








19th 


99 * 








20 h 

9f 

99 








21st 

99 

99 • 








22nd 

99 

99 








23rd 

99 

99 * 








24th 

99 

99 • 



II 


II 



25th 

99 

99 • 








26th 

99 

99 






II 


27th 

99 

99 • 








28th 

9* 

99 








29th 

99 

99 








30th 

99 

99 








31st 

99 

» • 




11 




1st Sept. 1933 . 






2nd. 

99 

• 

- 

m . 
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Table V 

Life history of hoppers in experiment 4 
Reference : — No. PI 10. 

femperai^re of dark room Average maximum — SST. 


Average minimum — ^26'5°0. 
Experimental 






608 


INDIAN JOURNAL OF AGEICULrUEAL SCIENCE 


[VI, m 


Table Y—Contd. 


Experiroental 


Dates 

2 

3 

4 

5 

6 

19th Jan. 1933 






20th „ . . . 






21st „ „ . 






22nd „ „ . . . 






23rd ,, >) • • . 

V 

V 

V 

v 


24th • ♦ * 






25th „ „ . . . } 





26 oh ,, „ « . • 





v 


IV. Physical exercise through association with grasshoppers of other species 

^ Paiire confined Locusiaim pardalim hoppers with those of Locista migra- 
teria migratorioides, and Locusta migratmia hoppers with the hoppers of Schia- 
tocerca gregaria or L. pardalim. In all the five experiments that he performed, 
he kept more than one hopper of the species under experiment in each cage. 
This makes the results inoonclusive. The size of the cage, the number of exp^U 
mental hoppers reared in each cage and the number of associate hoppers in Faure’a 
exfieriments were as follows : — 


Seriaf 

No. 

Experimental hoppers 

Size of cage 

Associates 


Name 

No. 

Name 

No. 

Besxilts 

1 

Ii<. pardalina 

7 

18in. X 9in, X 15in. ^ 

It- m. migra- 
iorioides. 

400 

Eoxir reached T stage ; all 
good gregaria type. 

2 

Ditto 

e 

Ditto , 

Ditto 

400 

'One survived to lY stage 







and was descrihed as good 
gregaria. 

8 

L. m, migrato- 
rioides. 

6 

Ditto 

Sehistocerca gre- 
garia. 

260 

Two reached Y stage ; good 
transieps near gregaria type. 

4 

Ditto 

6 

6in.x4*6in.x6in. . 

L, pardalina . 

65 

One survived to lY stage. 

5 

Ditto 





Gregaria type. 

8 

Ditto 

Ditto . 

60 

Ditto. 


When more than one hopper of a species are 
did, it cannot he claimed that the ^gregaria' 
result of intra-specific crowding. 


confined in a small cage, as Faur© 
characters obtained were not the 
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In all the five^experiments performed by ns in each cage only one ^solitaria^ 
hopper of the Desert Locust was in association with a number of other Orthoptera. 
In three of these experiments the'^associate insects were the hoppers of Poecih- 
cerus pictus ; in the fourth experiment a miscellaneous collection of grasshoppers 
(predominatingly Chroiogonus sp.) was associated. In the fifth experiment the 
associates were the adults of the house cricket (Gryllus domesticus). The last 
experiment is particularly interesting inasmuch as the association did not result 
in the production of the black pigmentation in the solitaria hoppers of the Desert 
Locust, 

Experiment 5 

Premmis history . — Reference No. of the parents, K22. 

The parents were found in soKtary state at Angaria Gadap (near Karachi)* 
They were collected on 30th February 1932 and were received at Lyallpur on 
4th March 1932. They were bred as a pair, in a cage 9 in. X9 in* X9 in. 

The eggs were laid on 26th April 1932 and hatched on 10th May 1932. The 
hatching was a mixed one. Only the ' solitaria ’ hoppers were employed in this 
experiment. Thus the hoppers used were ' solitaria ' even though they belonged 
to a mixed hatching. The hoppers may be described as having a moderate 
* solitaria^ tendency. 

The associates were the hoppers of P. pictus. At the start of 
the experiment three second instar hoppers of P. pictus were introduced in each 
cage. This strength was maintained throughout the experiment, the dead and 
the disabled ones being replaced from time to time with fresh hoppers from the 
field. 

Conditions ^' — ^Tlie cage was a wire— gauze cylinder six inches in height and 
five inches in diameter. It was fixed on a cabbage plant, the latter serving as food 
material The experiment was conducted at room temperature which during 
the period was 

Highest maximum — 38*5®C. Highest minimum— 32'^C, 

Lowest maximum^ — 33^0* Lowest minimum— 26°C. 

Average maximum— 35*7^0. Average minimum— 29* 7®C. 

Re^narhs, — -From the record of the control isolated hoppers (E22/10.V.32, 1/ 
2, 3, 4, 5 and 7} it is clear that the solitaria hoppers of this batch, when bred 
isolated, maintained their ^solitaria' coloration. This established the ^ solitaria^ 
tendency of the hoppers of this experiment (Table VI), The hoppers that were 
associated with three P. picdus hoppers assumed gregaria coloration without 
exception. We can conclude, that in association with three P. pictus hoppers, 
in a space of the size of the cage employed in this experiment, a single hopper of 
Schistocerca gregaria assumes the coloration typical of a crowded hopper at this 
temperature. The progress of black pigmentation in these hoppers from instar 
to instar is given in Table VI, Table VII gives the life history of these hoppers. 

13 A 



Table VI 

Pf ogress of pigment formation in experiment 5 
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Table VII 

Life history of hoppers in experiment 3 
Reference No. K 22/10. V. ’32 

Tempemiure : — Highest maximum— 38 * 5*^0. Highest minimum — 32 * 6^0. 

Lowest maximum — 33*0°C. Lowest minimum — 26'0°C. 

Average maximum~35 ’7®C. Average minimum— 29 • 7°C. 


Bate (1932) 

Experimental ( 

! 

Control, isolated 

Control, Crowded 

11 

12 

13 

1 

2 

3 

4 

5 

7 

8 

9 

10 

lOth May 

I 

I 

I 

I 

I 

I 

I 

I 

I 

1(2) 

1(2) 

1(3) 

11th „ 




' 









12th „ 













13th „ 

, 












14th ,, 



i : 








i,r>th „ 




; 11 ; 








16 th „ 

II 

II 

IT 





II 



11 (2) 

I (2) 
11(1) 

17th , „ 





11 


II 


II 

TI 

1(B) 


1<2)(1)) 
II 1 

18th „ 



, 










19th „ . 






, .. 







20th „ 

in 

III 

III 

III 




III 



m 


21st 



, 


III 

Ill 

III 


III 



III 

22riil ' „ 










111 



23r(l ■ „ . , ; 








IV 



IV (2) 


24feh „ 

IV 



IV 


IV 




IV 



25tli „ . 1 

j 

i ■ ■ i 

; IV : 

IV 


IV 

. i 

IV 


IV 




26th . 1 






■ 1 

i 



i 



27th „ 

[ ■ '! 


, 




Bled. 


J 

1 ' i 


V<2) 


28th „ . 1 




V 

V 

1 1 


! . 

i- , . 1 

V 



29th „ , . 

V i 





! IV 

! (Bled) 

1 


V 



~~~"v 

30th „ 


; V 




j j 

; ’ 1 






31.sfc .,j 

; 



' 

, 

i 1 

I 

■ i 

! 




Ist J'lnif' 


' ! 

i -j 



1 1 






r 

2ncl . : 


i 

! “j 


j 


! 






3t<l 



I ~| 

i 



i 



A 1 



4th . „ , . 1 



1 , A 1 i 

1 .1 1 1 

rTT' 






A2 

A1 



"^rf 





i ' 

i 

! 





6th ,, . ’ 

A 


i ' : 

f 




i 

1 

1 





7th . ; 









. A1 

i' 




NwmberB In bKWikets indl<^ate the tbIeknegB of crowd* 
I> indicates dcatb of the bopper* 
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Experiment 6 

Previous history, — ^Reference No. of parents, K14. 

The parents belonged to the same field collection as those in experiment (5). 
The date on which the eggs were laid was not recorded. 

The hoppers hatched out on 13th May 1932. The hatching consisted of 
fifty-four green hoppers only. Thus the ' solitaria ^ tendency in the hoppers em- 
ployed in this experiment was more marked than in the hoppers employed in 
experiment (5). 

Associates. — P, pictus hoppers were the associates. Their strength was 
maintained at three throughout the experiment. 

Conditions. — ^The hoppers were reared in cylindrical wire-gauze cages six 
inches long and fire inches in diameter. In the laboratory the temperature 
during the period was : — 

Highest maximum — 38 * 8°C. Highest minimum — 32°0. 

Lowest maximum — 32*4'^C. Lowest minimum — 28°C. 

Average maximum — 34* 03^0. Average minimum — ^29 * 01°C. 

Bemarhs. — The experiment is similar to the previous experiment with regard 
to : — (a) space, (b) number and species of the associates, and (c) temperature. 

Table VIII gives the stage-to-stage coloration of the hoppers. It shows that 
while the isolated hoppers in control continued to be ' Green type ^ throughout 
the hopper stages, those in association varied from ‘Green type" to ‘Black 
type 

It would seem that for a hopper, that belongs to a pure green hatching and is 
born of solitaria parents, an association with three P. pictus hoppers, in the space 
provided in this experiment, creates that ‘ neutral ^ state which may either 
lead to the production of black pigmentation or may remain inejffective through 
such minor individual differences as, [i) the slightly bigger or smaller size of the 
food plant affecting the available space for the movements of the hoppers, [ii] the 
small individual variations in the activity of the associates, and {Hi) the individual 
difference in the physiology of the hoppers themselves. In experiments on crowd- 
ing one finds that the extent and intensity of pigmentation depends upon the 
intensity of population per unit area of space. The life cycle of hoppers is given 
in Table IX. 


Table VIII 

Extent of black pigmentation from instar to instar of the isolated hoppers in experiment 6 
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Table IX 

Life-history of hoppers in experiment 6 
Reference : — No. K14. 

Temperature Highest maximum— 38 •8°C. Highest minimum— 32“C. 

Lowest maximum — 32 • 4°0. Lowest minimum — 28°C. 

Average maximum— 34 • 03°C. Average minimum— 29 • 01®C. 
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Experiment 7 

hatcSjr''^ Aistor^/.-The hoppers for this experiment were taken from two 
Reference Nos. of the parents, K5 and K17. 

The parents were of the phase ‘ solUaria ’ and belonged to the same collection 
as those m experiments (1) and (2). They were bred in pairs. The eggs were laid 
on 30th April 1932 and hatched on 19th May 1932. The hatchings from K5 and 
K17 consisted of fifty-seven and fifty-one green hoppers respectively. All the 
iloppers therefore had a marked ^ solitaria ’ tendency, 

Aa50cwfes.--During its first stage each ScMsiocerca gregaria hopper had six 
oppers of P. ptctus as its associates. Subsequently, however, the number of 
P. hoppers varied from stage to stage and from hopper to hopper. The 
number of associates in each case is indicated in Table X. 

Gonditims.—Eneh. ScMsiocerca gregaria hopper in company with its associate 
hoppers was reared on a cabbage plant in a cylindrical wire-gauze cage six 
inc es ig and five inches in diameter. The experiment was conducted in the 

laboratory and the temperature during the period was : 

Highest maximum— 40°C. Highest minimum — 33°C. 

Lowest maximum — 84^0. Lowest minimum — 28®C. 

Average maximum — -36*5°C. Average minimum — 30'05®C. 

Bemarks.— The experiment was similar to experiment (6) with regard to (a) 
space and {h) ‘ soZftom ’ tendency of the hoppers. The temperature in this 
experiment was slightly higher than in the previous experiments and was thus a 
little less favourable for the acquisition of ‘ gregaria ’ coloration. The number of 
associates was generally higher. All the hoppers in an association of such thick- 
ness have assumed the ‘ gregrana ’ coloration. The state of black pigmentation 
from instar to instar is indicated in Table X and the life cycle of these hoppers is 

given in Table XL ii' 
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Life — history of hoppers in experiment 7 
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Temperature : — Heighest maximum — 40°C. 

Lowest maximum — 34°C. 


Highest minimum— 33°C. 
Lowest minimum — 28°C. 


Average maximum— 36 • 05°C. Average minimum— 30 • 05°C. 
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Experiment 8 

Previous history, — The hoppers in this experiment were taken from two 
hatchings. 

Eeference No. of the parents, P 54 and P 57. 

The parents were collected at Pasni on 8th August 1932 and received at 
Lyallpur on 17th August 1932. They were of ^Solitary' phase and were reared 
in pairs. - 

The eggs were laid on 31st August 1932 and hatched on 14th September 1932. 

The hatchings of P54 and P57 consisted of sixty-three and sixty-four green hoppers 
respectively. The hoppers thus had a cent per cent \solitaria ' tendency. 

Each ScMstocerca gregariahop-pei had fifteen adult common grass- 
hoppers (predominatingly Ohrotogonns sp.) as its associates. Eresh catches from 
the fields replaced the dead associates. 

GondiUons.—Ed^Gk hopper of the Desert Locust along with its fifteen asso- 
ciates was reared in a cubical cage measuring 6 in. X 6 in. X 6 in. and with four 
sides of wire gauze, the botton of wood and the top of a sliding glass sheet. 
Fresh cotton leaves were dropped into the cage four times a day. The room 
temperature during the period was :■ — 

Highest maximum— 35 * 0°C. Highest minimum— 32 * 0°C. 

Lowest maximum— 21- 6°C. ‘ Lowest minimum— 16* 6°0. 

Average maximum— 26*080. Average minimum— 22* 03°0. 

Memarks,— The experiment confirms the results of the previous experiments. 
All the hoppers exhibited intense gregaria coloration in the fourth instar. The 
intensity of coloration we are inclined to attribute to the density of the crowd of 
the associates (15). The progress of the black pigmentation from instar to 
instar is given in Table XII and the life cycle of these hoppers is given in Table 
XIII. 
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D aily temperature 
tC.) 
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Experiment 9 

The hoppers employed in this experiment were of the ‘ solitaria ’ type. • 
ilMoeiato.— The adults of house cricket (GryZZi^8 dowe8if«c^8) were the asso- 
^ ciates selected for this experiment. Their strength was maintained between fifteen 

twenty in each cagei 
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Conditions.— 1h.e cages employed measured 6 in. X 6 in. x 6 in. and had three 
of the sides and the top of wire gauze. The bottom was soil and the fourth side 
was the glass door. Fresh leaves were supplied as food. 

The experiment was conducted during the summer of 1931 . 

Rermrh8.—T!h.o hoppers in this experiment had about the same degree of 
‘ solitaria ’ tendency as in experiment (4) and were reared in cages of similar dimen- 
sions. The number of associates was about the same as in experiment (8) and 
(hcidedly more than in any of the experiments (5), (6) and (7). The ‘ associates ’ 
in this case were the adults of G. domesticus as against P. pictus and Chrotogonus 
spp. in other experiments. All other conditions in this experiment were practi- 
cally the same as in experiments (4), (5), (6), (7) and (8), but the strength of asso- 
ciates was higher. One would have expected a better development of the black 
pigmentation, but, on the contrary, all the hoppers, instead of developing black 
pigmentation, continued to maintain their ‘ solitaria ’ coloration. The absence of 
the appearance of black pigmentation can only be attributed to the distinctly 
different behaviour of the associates, O. domesticus, which being nocturnal are 
active at night. 

V. Discussioii 

In experiments (1) to (4), in which isolated ‘ solitaria ’ hoppers of ScUstocerca 
gr^ana were made to take exercise by walking, the black pattern of the greqaria 
phase appeared in spite of isolation. Again in three of the experiments [Experi 
ments (5), (7)^ and (8)] where single hoppers of ScUstocerca gregaria were kept in 
association with other grasshoppers, typical gregaria black patterns appeared. 
In experiment (6) all the hoppers did not show the typical ' gregaria ' coloration and 
in experiment (9) all the hoppers behaved as if they were living a life of absolute 
Elation, that is, none of the hoppers showed any signs of coloration. 

Why this difference ? In the case of experiment (6) we have already hinted that 
the conditions were near a neutral line, a slight deviation in the environmental 
conations on one side or the other resulting in a solitaria or gregaoia coloration. 

The exptonation for the peculiar results in experiment (9) lies in a different 
direction. The ‘ solitaria ’ hoppers in this experiment have the largest number of 
associates, but the associates belong to that class of insects that have habits 
(ffagonally opposite to those of the hoppers of the Desert Locust. Gryniis domes- 
^octurnalinsect and avoids light. In the cages used in our experiment, 
kep itseff hidden durmg the day time, under any lump of soil or below the 
leaves provided for feeding. Therefore, so far as the question of physical exertion, 
ari^ from the frequent contact of the insect under experiment and its associates 
or from the movement induced through seeing the associates moving about goes, 
the hoppers of the Desert Locust in association with G. domesticus, may, ior all 
practical purposes, be regarded as isolated. Thus, it is not at all surpr4g that 

hoppers in TOch conditions should continue to be unaffected bv ‘association’ 
and maintain the ‘ solfiana ’ coloration. . 
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This also shows that different insects, as associates, from the viewpoint of the 
appearance of ‘gregaria ’ coloration in the associated hoppers, differ a great deaL 
The most successful, from this point of view, is the one which is nearest to the 
hopper of Desert Locust in point of habit and behaviour. It will appear that 
even P, pictus hoppers are not ideal associates, if we bear in mind that in a cage 
6 in. X 6 in. x 6 in. the minimum number of P. pictus hoppers required is about 
three whereas even two ScMstocerca gregaria hoppers bred in such a cage acquire 
typical ‘ gregaria ’ coloration. 

Physical exertion being the main common factor in the experiments detailed 
above, and in the case of hoppers in a swarm in nature and those reared in labora- 
tory in a crowded condition, where gregaria coloration appears, we are justified in 
concluding that the appearance of black pigmentation can be brought about by 
muscular activity. 

VI. Summary 

Two automatic devices, by which isolated hoppers of the Desert Locust were 
made to take muscular exercise have been described. In the construction of these 
advantage was taken of: {a) positive heliotropism orphototropism and (6) neg ative 
geotropism of the hoppers. 

It has been experimentally proved that an isolated hopper (having ^solitaria * 
tendency at the start) develops ^gregaria ’ coloration when forced to move through 
a certain distance each day. 

Association with other Orthoptera increases the activity of the hoppers of the 
Desert Locust with the result that the ^ gregaria ’ coloration is developed. It has 
been shown that for this purpose the associates should be akin to the hoppers 
under experiment in the matter of habit and behaviour. The greater the 
likeness in this respect, the quicker is the response and the smaller is the number 
of associates required to bring about the colour change. 

Since in the life of hoppers belonging to a swarm or to a crowded laboratory 
rearing and in the life of the hoppers in the experiments described in this paper, 
the chief common feature is activity, it is concluded that the black pigment is pro- 
duced as the result of physical muscular exertions. 
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L Introductioti 

Tt is well known that the hoppers of Schistocerca gregaria Forsk. exhibit a 
great range of variation in coloration— from almost pure light green to almost 
pure black with some yellow patches. Even in the first stage the hoppers exhibit 
three distinct colour forms. They may have an intense pigmented pattern when 
they may be termed ‘ black or they may be more or less without pigmentation 
having light green colour, when they may be termed ‘green’, or they may have 
pigmentation less intense and not so extensive, when they may be called ‘ inter- 
mediate ’. All through the first instar they retain the pattern and coloration 
with which they are bom. From the same packet of eggs there may appear : 
(1) a pure black hatching, i.e., all the hoppers are pigmented, (2) a pure green 
hatching, i.e., all the hoppers are unpigmented, i.e., green, or (3) a mixed hatching, 
Ivhieh may consist of (i) black and green, (ii) black, intermediate and green, (iii) 
black and intermediate, or (iv) green and intermediate. It may be made clear 
that these colour forms are distinct from the intensification of colour which usually 
occurs a little time after hatching or after a moult. 

Repeated observations, by a number of investigators, on different locusts, have 
established that the locust hoppers bred isolated or singly, i.e., one hopper in 
each breeding cage, do not ordinarily develop black pigmented pattern, and, in 
the absence of pigmentation, the entire coloration of the body is some ’shade of 
green. If, on the other hand, more than one hopper are placed together in a 
small cap, i.e., they are bred crowded, then they develop a black pigment, de- 
posited in a more or less well-marked pattern. The intensity and extent of pig- 
mentation depends, to a certain degree, on the duration of crowding and the 
density of i:)opulation. The real cause of this interesting phenomenon is at masent 
not known. ^ 

In nature the pigmented forms are characteristic of the swarms and the 
green forms occur in isolation, although not infrequently green hoppers also occur 
in the swarms of black hoppers. 
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During the course of our investigations on the bionomics of Schistocerca 
gregana. Forsk., we have had an opportunity of studying the influence of 
temperatoe on the extent of colour pattern and the intensity of pigmentation- 
The results obtained are very striking and are presented in this paper. 

detailed study of the development of pigmentation in different 
parts of tiie body of a hopper has been undertaken and vague description in 
such terms as ‘pigmented’, ‘ non-pigmented ‘intermediate’, does not convey 
a precise Idea. In this paper, therefore, a fuU description of the coloration of the 
hoppers has been given and iUustrated by coloured plates. In the descriptions 
that foUow we have employed the usual nomenclature and have introduced cLaih 
terms for specific colour patches on various parts of the body (Plate XXXVf) 

acknowledge with thanks the assistance received from the Artist 
of the Entomological Section, Mr. Siddiqi, in the preparation of these plates. 

This investigation was carried out under the scheme of Locust Research 
. financed by the Imperial Council of Agricultural Research. We gratefully acknow- 
ledge the generosity of the Council. ^ 

II. Experimental technique 

employed in these experiments were cylinders of brass wiro-gauze 
(100 meshes to an inch) Each cage was six inches long and two inches in dia- 
meter, closed at one end and at the other end it was provided with a split cork 
through which a cabbage leaf-the food on which hoppers were reared-could 
be introduced. In aU cases young cabbage plants, grown in earthen pots were 
promded as food and the cages were placed on the growing plant. The pots 
with the cages were kept in incubators at the required temperature. Thus the 
. JioPPem had abundant food always available and it may be assumed that the 
huimdity was always high There was no special arrangement for ventilation 

available made the supply of oxygen abundant. 

The hoppers were bred at the following constant temperatures •_ 

24“. 27°, 30», 33°, 36°, 40'’ and 44° C. 

It may be mentioned that at a temperature below 24° C. and above 44° C. the 

hoppers were uot able to complete thoir life cycle, ’ 

Experimmt I 

History . — ^Reference No. L 224. 

Soft the male ami female the progeny of whieh was naed for thia raparimcnt, 
wem obtoed from a batch of hopp.n, eonsiating of forty black and two inter; 
mediate hoppem which had hatched on 11th Angnat 1932. They wore bred 
crowded at room te„,jrat,.re in a whe-g.,,* cage 9 i„.x9 i,..X9 in. They 
aeqnired wmga on 7tli September 1932. The fom.Iea from thia batel. were forth 
W by the nmlea from the «ime batch. A packet of egga w.a., laid on 20tl. Octo- 

bIa”kSttS>?«S*S.Sho7“‘ “'“‘'••e the term. oawl. otherwi.e etrip.d"ey« '.mi 
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The eggs hatched on 11th Noyember 1932. On the basis of their coloration 
the hoppers could be classified as : — 
black 42, intermediate 4, green 0. 

The hoppers selected for this experiment were pigmented and thus came from 
a stock showing pigmentation for two generations. 

Three hoppers were placed in each cage, and bred at the following constant 
temperatures: — 

24*^0.- . 2 sets. 27^0. . 1 set. 30° C. . 2 sets. 

33° a .2 sets. 36° C. . 3 sets. 40° 0. , 1 set. 

Experiment II 

History , — Reference No. P. 74. 

Both the male and female, the progeny of which was employed in this experi- 
ment, were solitary adults captured from Sonmiani (South Baluchistan) on 31st 
October 1932. The pair was placed in a wire-gauze cage 9 in. X9 in. X9 in. from 
the date it was captured and kept in the hot house. 

The female laid a cluster of eggs on 29th December 1932 and the eggs hatched 
on 14tb January 1933. The hoppers were : — 
black 24, intermediate 6, green 0. 

The hoppers selected for this experiment were pigmented. The hoppers of this 
batch although descended from solitary parents were predominantly melanic. 

Three hoppers were enclosed in each cage, and one cage was placed at each 
of the following constant temperatures : — 

24°, 27°, 30°, 33°, 36° and 40° C. 

Experiment III 
Reference No. L 276, 

Hoppers wore bred crowded in a muslin cage in the open, 3 ?ielding gregarious 
adults, which acquired wings on 14th November 1932. Prom the date of acquir- 
ing wings two females and one male were placed together in a wire-gauze cage 
9 in. X9 in, X9 in. and kept in the hot house. 

One female laid a cluster of eggs on 1st January 1933. The. eggs hatched on 
16th January 1933 and produced fifty -five black hoppers. These hoppers again 
showed marked pigmentation. 

Tn each cage seven hoppers were kept and on > cage was placed at each of the 
followingconstanttemperatures:— 

24°, 27°, 30°, 33°, 36° and 40° 0. 

(For the duration of life-cycle, mortality, etc., see TabievS I, II and III). 
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III. Body coloratioii of hoppers of different stages 

1. DESCEimoif OF the COLOEATIOH ok typical 1 STAGE BLACK HOPPEBS 

(Plate XL, pig. I) 

{a) General mlour 

Black predominates, dirty yellowish white aTiTiefl,.m^ 
dor^Jatcral yelloYjh streak starting from behind the compound eTOs^S'ends 
over thorax and abdomen, becoming nari'ower eandflt^ On 4 . * • 

lb) Head 

FmM.-Bkck, right up to the bi«8 of Mtemae and beyond. 

^ J^«,.-Blaek, except for greyiah dirty while along the central and lateral 

Labrum. — Black, except the notch. 

--^wfoird" 

ahle."““-““”‘'’ 8“*' »‘-P=. therefore, not dietinguish. 

Postijenae, — Black. 

yellow 

^0 hi*=h. 

Maxillae, \ 

Zahiwm. J— Black, palpi intersegmentally dirty white. 


Cervical sderites. — Black. 


(c) Neck 


id) Thorax 

Pronotum. — Keel with a white median Unf. aTtri « n , 
stripes on each side of it, the latter widen towards +h«'c3a^ 
a small metazonal triangle on each side Re^t nf ti, " portion forming 

dirty yellowish white hoop or colxtlhaned ^ " 

parallel to the keel along the black .stripe above mentilnS 

along the caudal edge of the pronotum and curves ao-ain 

ventral margin. runs along the 

tion of the 
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of tlie similar black stripes on pronotum, bounded by lateral dirty yellow stripes 
on each side ; entire lateral area below these yellowish stripes black. 

Meso-epwterna 1 

Meso-epimera [ , -t 

Met episierna •—Mostly black with small yellowish spots. 

3^et-epimera J 

Mostly black with dirty yellow ground colour appearing at places, 
(e) ieffs 

I and II. — Dirty yellow with numerous smoky dots gmng a general smoky 
appearance ; dots fused at the tibio-femoral joints ; claws black. 

Ill, — Hind femurs : entire anterior as well as posterior muscle-impression 
areas black ; the black pattern meets dorsally leaving an ill-defined spot of basic 
colour on the dorsal carina of the femur ; apex of femur black and between this 
and the black pattern on the body of the femur intervenes a dirty yellow ring 

Tibial spines black, 

(/) Abdomen 

Segmerds-I-X,—'E&dh tergum has a black mid-dorsal stripe with a small ivory 
coloured mid-dorsal triangle at the caudal margin, which becomes successively 
fainter and smaller on the hinder segments. Along this black stripe, and running 
parallel to it on each side, is a dirty white stripe which becomes much narrower 
on the hinder segments and becomes almost invisible on the last segments. Below 
this the entire tergal area appears black with the exception of an ivory coloured 
oblique streak on each segment. In the last three segments the oblique white 
streak is not distinguishable. Below the oblique streak is, so to say, a continuous 
black stripe and finally along the margin of the tergum is the vellowish white 
gpiracular stripe. 

Tdson and cerci. — ^Almost black. 

Ventral surface, — ^Black, with a smoky mid- ventral line. 

The above is the description of the coloration of the first stage black-pig- 
mented hoppers which were the starting point of all the experiments described 
below. 

2. Desoeiftton of the colobatioh of the second staoe hoppees 

L Coloration of II stage hoppers bred crowded at 24"^ G, {Plate XXXV 11, fig, 1) 

{a) General colour 


I Black and dirty white ; lateral whitish streak along the side extending on 

thorax and abdomen. A comma-shaped whitish area on the pronotum, 

(b) Head 

From —Blaak predominates : entire frons up to the bases of antennae black , 
irest duty white with faint pioMsh tinge/ ^ 

J ■ , . . . 


if 
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Clypeus. — ^Black. 

Lahrum. — ^Blaok. 

Vertex . — ^Black triangular areas on each side of a fine yellowish-orange epi- 
cranial suture ; black colour is continuous behind eyes and joins the black sub« 
ocular region^ leaving a very small yellowish-orange post-ocular patch. 

Genae . — ^Entirely black, sub-ocular genal stripe, therefore, not distinguishable. 
Postgenae,- — ^Black. 

Compound eyes . — ^Uniformly dark reddish-brown ; not striped. 

Antennae.' — Black, smoky intersegmentally. 

-^Black. 

. — Dull white with black patches, palpi black. 

{c) Neck 

Cervical sclerites. — ^Black. 


Mandibles.' 

Maxillae. 

Labium. 


{d) Thorax 

Pronotum. — ^Keel, anterior 3/4 black, posteriorly white ; narrow dark black 
stripes on both sides of keel fused towards the cephalic portion and become wider 
forming triangular areas caudally ; similarly on caudal portion they form the 
metazonal triangular patches ; lateral aspect of pronotum black, except for a 
hoop of comma-shaped white patch, wide dorsad and caudad and gradually be- 
coming narrower and whiter ventrad. 

Meso- and Meta-nota. — ^Mid-dorsal whitish line, with black stripe on either 
side of it, and further down ; below this a dirty white straight stripe and a black 
stripe ; angle from where the wing pads arise black. 

Meso-episterna.— Brown, at the margins, brownish black in the middle. 

Meso-epimera . — ^Brownish black. 

Met-episterna -rt t 

MeUepimera j-— J^lack. 

/yiem< 2 .~Dniformly brownish black. 


(e) Legs 

I. — Dorsally almost all black, but ventrally white ground colour appears at 
places. Claws black. 

II. — ^Dull white with numerous black dots, black along the joints. 

III. — ^Hind femurs : almost the entire muscle-impression areas on the anterior 
as well as posterior faces black, with a very faint small patch of yellowish colour 
on the dorsal carina just about the middle. This black pattern almost fused with 
a wide black ring round the apex of femur. 

Base and apex of tibia black ; spines, tarsi and claws b^ck. A few whitish 
dots on tarsi. 



(/) Abdomen 

Segment /. Mid-dorsal pigmented stripe black and fairly wide, white tri- 
angle at posterior margin reduced. Laterally outline of ear black with eight 
dots irregularly arranged above it. 

Segments II- V III . — ^Laterally , below the mid-dorsal black stripe is a narrow 
straight white stripe running through all the abdominal segments except the last 
three. The tergal area below this stripe and above the white spiracular stripe 
looks black on account of the fused masses of black spots. There is an oblique 
white streak running diagonally on each segment. 

Segment /X. — ^Black laterally, only a white dot at each dorso-Iateral corner. 

Segment X , — ^All black. 

Terminal portion . — ^Brownish black. 

Ventral 6*wr/ace.— Uniformly brownish black with a whitish mid- ventral streak. 


{ii. Coloration of II stage hoppers bred crowded at 35° G. [Plate XXXVIII, fig. 1) 

(a) General colour 

Dull light yellow tinge predominates, although black pattern also well marked 
(but not so well developed as in the hoppers bred at 24° C.). 

(6) Head 


Dull light yellow with fine black dots ; lower portion black, getting 
fainter above. 


Clypeus. — ^Irregular, blurred black spots ; dorsal portion lighter. 

Labrum. — ^Black, lighter at the emargination. 

Verteos . — Black on both sides of the fine white epicranial suture. Black 
colour creeping behind the eyes. Post-ocular patch brownish orange, extensive, 
as long as or longer than the compound eye. 

ffenae.— Sub-ocular genal stripe black, very wide and extends up to the inner 
margin of the eyes. Area behind this stripe brown. 

Postgenae . — ^Light brown to black. 

> 

Compound Dark reddish brown, without any stripes : anterior half 

with a greyish tinge. 

Antennae . — ^Black ; basal one segment whitish. White intersegmentally. 

Mandibles. — ^Black. 


Maxillae 

Labium 


\ 
j ' 


-Mixed smoky and white. 

(c) Nech 


Cervical sclerites . — Black but lighter in colour. 

{d) Thorax 

Pronotum . — Keel white, narrow black stripes along its each side getting wider 
at the anterior margins forming anterior triangles. Metazonal triangular patches 

IG 
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black, not extensive. Lateral black patches very large, covering more than half 
of prozona leaving a broad comma-shaped white patch running dorsal and cephalad. 

Meso- and meta-nota.— 'Dorsal black stripe on both sides of the white median 
line ; below this a white straight stripe and then a broad black straight stripe. 

Meso-e^isterna 1 .-Yellowish white with black dots. 

Meso-ep%mera j 

. Met-epislerna I .—Black. 

Met-epimera J 

Sterna . — ^WMte with large black patches. 


(e) Legs 

I arid 71.— Dull yellowish white, with black dots throughout. Black colour 
along the joints. 

777.— Hind femur : black pattern on the anterior as well as posterior muscle- 
hnpression areas, with a small oval gap on the dorsal carina, which runs a little 
each way on the anterior and posterior aspects. The black pattern not fused 
with the black ring round the apex of femur. 

Both the ends of tibia black ; spines also black. 

(/) Abdomen 

Segment. 7.— A wide dark black stripe dorsally with a white triangular area 
at posterior margin. Laterally six to seven black dots irregularly arranged. 

Remaining segments. — Mid-dorsally, in each segment a wide black stripe with 
white triangular area at posterior margin; laterally five black dots along the posterior 
margin ; in front of these a straight black stripe and above it an oblique black 
streak and a number of (usually four) black dots dorsad to this. 

to thT h^pi^rr 24° distinctly reduced as compared 

V entral surface . — White with large smoky dots. 

Hi, Coloration of II stage hoppers bred crowded at 40^ C. {Plate XXXIX fig 1) 

(a) General colour 

Much hghter than the hoppers at 33° C., but with more of pigment than in the 
hoppers bred at 44° C. General colour dull whitish with a yellowish tinf-e 

(6) Head 

Frons 1 

fiSn i yellowish white without any smoky dots. 

Vertex.-Bvdken smoky areas on both sides of the epicranial suture • rest 
very light brown. ’ 

Oenae. Sub-ocular genal stripe narrow ; smoky regions in front and behind 
duU white. 

Poslgenae.—Verj light brown, almost whitish. 
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Com^oimd eyes. — ^Anterior half, light grey ; posterior, dark reddish brown. 
Not striped. 

Antennae. — ^Very light smoky, whitish intersegmentally. 

Mandibles. — White, dentation black, smoky near labium and clypeus. 

labium } * — White with faint smoky marks on palpi. 

(c) Neck 

Cervical sclerUes. — Light smoky. 

(d) Thorax 

Prmofum. — General colour white, with a yellowish tinge. Keel whitish, 
very narrow' smoky stripes on each side. Lateral patch large brownish, its pro- 
zonal portion is mixed smoky and white, and metazonal portion smoky brownish, 
much reduced. Metazonal triangular patches brownish black. The Comma- 
shaped area very extensive. 

Meso- and meta-nota. — Dorsal brownish black stripe on both sides of white 
median line, whitish areas below this followed by the brownish black stripe. 

Meso-episterna “1 ^ — White with two faint black dots. 

Meso-e2nmera J 

Mel-episterna. — ^White ; a narrow smoky streak at the posterior margin. 

Met-e^yimera, —White ; a narrow smoky streak at the anterior margin fused 
with a smoky streak at the posterior margin of met-episternum. 

Wing pads. — Smoky. 

Sterna. — ^Uniformly white. 

(e) Legs 

I and JI.— Dull white ; pinkish marks at the basis of hairs. Smoky marks 
close to the joints. 

jjj _Hindfemur : a narrow smoky pattern on the anterior muscle-impression 
area and a similar pattern on the posterior muscle-impression area, leaving a 
small ring of dull white with yellowish tinge between this pattern and the black 
colour round the apex of femur. The pattern on the anterior and posterior aspect 
of the femur fused dorsally except for a broadly oval area on the dorsal carina. 

Apex of femur, and base and apex of tibia brownish black. Tarsi brown, claws 
light black. 

(/) Abdomen 

Segment J.— Dorsally light black stripe with a white triangular area at the 
posterior margin ; 4 smoky dots on the lateral region. 

Remaining Dorsally as in segment I, laterally five brown dots 

along the posterior margin. In front of these, ventralmost is a straight broken 
brownish stripe ; above this an oblique brown streak and dorsal to it two to three 
light black dots. ^ 
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Terminal portion.~YQMovns\ white. 

Ventral surf ace. —D vTl white without any dots. 

*iv. Coloration of II stage hoppers bred crowded at M° C. {Piute XL, fig. 2) 
Entire body colour almost whitish. 

Eyes colourless or light greyish, except dorsal lunar area which is dark 
Antennae colourless. 

Claws and spines yery hght reddish brown at tips, but tarsi white A few 
scattered dots on the femur, but no trace of the black pattern. Lunar ridge on 
trocolia, very light brown. ^ 

3. Dbsceiption of the coloration of the third stage hoppers 
1 . Coloration of III stage hoppers bred crowded at 24° C. {Plate XXXVII, fig. 2) 

(a) General colour 

tinge^*^°^ predominating, rest dirty white with an almost imperceptible yellow 

(6) Head 

Frewa.-DorsaUy dirty to light brown ; lower portion black ; black colour 
creeping up and gradually fading. > a colour 

Clypeus.—Xn black. 

Labrum. Black except near the emargination. 

Fefte._Epiori.niaI sutaro Tory fdnt ; U»ok area on oaol, side black nnl„„. 
TeSrpaSr F'Uo** brown poet. 

(dirtyX””" ep«.-N„t airiped ; d„k reddi* br„™ ; anterior nrargin %bte 

Awfoij,me._Light smoky colour on the basal joint, rest black • wbitisk 
along the lateral aspect ; terminal joints lighter. . * 

Mandibles,— Blsbck. 

are P”**” ■>* Jobita which 

(c) Neck 

Cervical sclerites, — Black. 

(d) Thorax 

* The size of the hoppers bred at 44^ iq 

more marked in advanced stages. This is S: 
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zonal patches black fused in the middle. Lateral black patch very la,r<.e separated 
fiom median line and metazonal patch by a dull comma-shaped band 

Meso- and meia-woia.— Mid-dorsal black stripe in continuation of the black 
keel of the pronotum. Below this straight white stripe on each side. 

Meso-episterna.— Light fawn, with smoky dots. 

Meso-epimera.— Dirty white with light yellowish spots. 

Met-episterna 1 -m t 

3Iet-epimera J * 

Wing pads , — Entirely black. 

Sterna , — -Smoky ; presternum black. 

(e) Legs 

I and 17.— Coxae and trochanters smoky ventraUy and at some other places 
Femur brown to black dorsally towards apex. Tibia, head and apex black anterior 
aspect black. Tarsi black, less black in II pair. 

Hind femur : anterior muscle-impression area entirely black except 
near base and apex ; its distal end extends dorsally and posteriorly with an ill 

defined gap between, and ends just above the postoro-ventral femoral carina' 
Apex of femur black. 

Head and apex of tibia black. Spines black. Tarsi dorsally black. 

(/) Abdomen 

Segment I .—Black median stripe wide, with white triangular area. Laterall 
two rows of irregular spots on dirty white ground colour. ^ ^ 

Segments //-’FJJJ.— Dorsally as in segment I, laterally brown to black striue 
just above the wliite spiracular stripe, then well-marked oblique black streak anri 
two rows of black irregular spots above this. ’ 

Segment IX. — Laterally dark except a very small dirty white patch. 

Segment X. — Entirely black. 

Telson. — Smoky with black spots. 

Ventral surface.— SrowaiBh to black areas on both sides of a whitish media 
streak. -m-taiAu 


m. 


'. Coloration of III stage hoppers bred crowded at S3° C. {Plate XXXVIII fy 2) 

(a) General colour 
. Dull white with a pinkish and yellowish tinge. 

{b) Head 

Frona.— Pink, dirty white at places ; two black dots at the lower end of eaeb 
frontal carina. eacn 

dypms.—DoSl white with a greyish tinge, black along ventral margin, 
Labrum, — Black, with, dull white spots at places. ^ 
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Ferfea;.— Black areas on both sides of epicranial suture which is a fine yellowish 
orange line. Black colour continued down behind the eye, leaving an oranue- 
yellow post-ocular patch. ^ 

^ (?eMc.-Dull white in front of the sub-ocular genal stripe, which is a wide 
black streak creeping up behind the eye, but here it is blurred black. 

Post-genae.—Du]l white. 

Striped ; three reddish brown stripes, almost equally wide 
With whitish interstripes. ^ ' 

AnUnme.~B\a.6k, basal segments white, and whitish along the lateral aspect 

Mand^ble3.~AnteTiov\J black, laterally brown, posteriorly smoky. 

Labium^ ^ white, palpi black and white. 

(c) Nech 

Cervical sclerites. — Smoky. 

(d) Thorax 

Prowotem.--Basic colour dull white with a pinkish tinge and pale yellow 
dots. Light pink colour along the sides of keel, which has a fine white line with a 
narrow black stripe along each side. These black stripes become broader ante- 
riorly and posteriorly ending in triangular metazonal patches. Lateral black 
pattern, lighter in the prozonal region, dark black in metazonal region. Inter- 
vening comma-shaped patch broad and white with a pinkish tinge particularly 
IE the anterior half of it. ^ ^ 

.strips Mack and in contimirtion of the 
M«k kssl of the pronot,™ ; Mow this stmight white .tripos with a pitlk 

Meso-episterna ■) 

Meso-epimem j • — ^L^ght yellow. 


-Dorsal half black, ventral dull white with a vertical black 


Met-episferna.~ 
line in the middle. 

Met-epmera. — Black, 
pad.?.— Black. 

Sterna.— White with black dots. 

(e) Legs 

VL- f with dark-brown clots. Claws light black. Femoro- 

tibial joints brownish, the brown colour going each way about 1/Sth !en.rth of 
femur and tibia. Spmes and claws black ; spurs black with brown endsr 

///.— Hind feinur ; black pattern on the anterior muscle-impression area 
covering donsal 2/o of entire surface except (i) about 1/4 of its proximal end between 
he antero-dorsal carma and the muscle-impression area and (ii) a small gap on 
the dorsal margin of distal end. The two extensions of the pattern on erther 

to the posterior side and 

enci on the posterior muscle-impression. 


STUDIES ON scmsTOcmcA akh’(^AltiA, Vi 


Ml 


(/) Abdomen 

Segmeyii /. — -A wide black dorsal median stripe, with a white triangle at the 
posterior margin, the vertex of which is continued anteriorly in short distances 
as a fine white line. Laterally three dorso-ventral rosvs of dots ; three dots in 
the posterior row, two in the middle and one to two in the anterior. 

Segments I/-FJ//. — Dorsal stripe as in segment I. Laterally six dots along 
posterior margin ; dorsal two dots almost touching the dorsal stripe. In front 
of the ventral most dot is a straight black stripe, above it the oblic|ue streak and 
over this tliree-four dots. Basic colour dull white. 

Segment iX.— Laterally only a black line along its posterior margin. 

Segment X . — Laterally scattered black spots ; terminal portion dull white. 

Ventral surface , — ^White with black dots. 

in. Coloration of III stage hoppers bred crowded at C, {Plate XXXIX ^ fig, 2) 

(a) Oe7ieral colour 


White with a slight yellowish tinge. 


16) Head 


Frans 

Clypeus — Uniformly pale yellowish. 

Lahrum J 

Vertex . — iSTarrow black streaks on each side of the epicranial suture which is 
light brown ; post'Ociilar patch extensive orange-yellow. 

f/eymr.— -Whitish yellow in Iront and light orange-yellow behind the narrow 
smoky sub -ocular genal stripe. 

Postgenae. -XeYy light brown, almost whitish in places. 

Compoand eyes , — Striped ; four chocolate-brown stripes visible with whitish 
grey inter- stripes. 

Antennae . — Smoky in the middle, whitish towards the distal and basal ends. 

Exposed parts whitish, dentation black. 

Maxillae 1^, — ^White, faint black dots on palpi. 

Labium f 

(e) Neck 


Cervical Smoky, 


Id) Thorax 

PTonotum.—PdA& yellow ; keel whitish behind the hind sulcus. E-educed 
black pattern in the prozonal region ; blurred brownish-black patch laterally 
in metazonal region. The metazonal patches, triangular in form on each sic 
of median line, are brownish black with wlntish dots. 

Meso- and meta-nota. — ^Mid-dorsal black stripe in continuation of the bla 
keel of the pronotum. Below this there is a straight white stripe. 
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Meso-epimera } • — ^Ifniforrnly pale yellow. 

Met episterna. Pale yellow ; blurred black spots along posterior margin 
MeUe2nnm^a,~P^le yellow ; blurred black spots along anterior marc.in. ’ 
Wing pads. — Black dots on the base as well as on the pad. 

Sterna. Pale yellow without any dots. 

(e) Legs 

I and II. — Dull white without black markings, 
not pattern on the anterior muscle-impression area 

calrbva wtde t"'\ sepamted from the antero-dorsal 

eXntio^ oT?h T. except near the distal end where two narrow 

(f) Abdomen 

n " ^ «-rrow stripe with a large 

lateLl aspect posterior margin ; four to five black dots on each 

S'ements 11- FJ7/.— Tergum dorsally as in segment I. Laterally a row of five 
black dots along posterior margin. Opposite to the lowest dot is a smoky strairdit 

toZ: o^bXe S I-™M 

f-od 

Geniial appendages. — .Light yellow. 

FeJiifrol surface.— Y.oQovf with faint brownish dots. 

of ™ 

Frons and mouth-parts white, post-ocular region pale yellow Lcfrs whitish 
dull yellow on the anterior surface of hind femur ° ’ 

‘rZ™ ' yeUow tinge ,• brownish dots on the lateral aspect. 

4. Description op the coeohation op the pourt-h sta.ie hoppers 

*. Coloration of IV stage hoppers bred crowded ai 24'^ G. {Plate XXXV 11, fig. 3 ) 

ia) General colour 
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(6) Head 

Dull yellow ; ventral about i/8th black, black colour getting fainter 
upwards. Numerous black dots along the carinae. 

Chjpeus, — Black. 

Labrum, — Black, notch lighter. 

Fcr^dr.— Ipicranial suture not distinct. Entire area behind eyes black, 
joining the sub-ocular black area, except a very small orange-red post-ocular 
patch. 

toae.—Black; sub-ocular genal stripe, therefore, not distinguishable. 

Post-genm. — Black. 

Compound eyes* — Not striped ; uniformly dark reddish brown. 

Antennae*— lydxk. black except the basal two segments which are dirty yellovv. 
Lateral aspect of antennae lighter. 

Mandibles*— 

I^aMum^ J intersegmentally whitish. 

(c) Neck 

Cervical sclerites. — Black. 

{d) Thorax 

Promtim,*—Yjntm pronotum, except a reduced * comma-shaped ’ patch, is 
black with yellow specks and spots. This patch intervenes between the triangular 
metazonal patch and the rest of black prozona. Wliite along the ventral margin 
as well as lower part of anterior and posterior margins. Keel white behind the 
posterior sulcus, black in front of it. 

Meso-episterna.—Dvll deep brown ; irregularly black along the anterior 
margin, ' , , : ; 

Mm>epifneTa.~T>\\\\ deep brown ; black along dorsal and posterior margin. 

MeUepiskma*—'Sldi.o\» 

Black. 

Wing pad5.— Base black, black lines along veins. 

Numerous irregular black patches on a dirty brown ground colour* 
ie) Legs 

I and //.--Dull yellow, black ventrally. Eemur with dorsal distal half 
black. Tibia black at both the ends ; spines black. Tarsi dorsally black, ventrally 
brownish. 

///.—Hind femur : the anterior muscle-impression area entirely black with 
two dark wide extensions at its distal end enclosing a very narrow area of basic 
colour. The two arms get wider on the muscle impression area of the posterior 
aspect and end on the postero- ventral carina. Distal end of femur black leaving 
a ring of basic colour between. 
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Tibia black at both ends. Spurs black; tarsi brownish black with black 
spots ; claws black. 

(/) Abdomen 

Segment I.— Tergam covered under wing pads. Dorsal black stripe wide 
with a white triangular area ab the posterior end. Laterally three dots along 
the posterior margin, a few irregular black dots in front. 

Segments II-VITL — ^5Iid-dorsal stripe as in segment I; laterally along 
ventral margin a straight wide black stripe ; above this an oblique black streak 
over this three to four black dots parallel to the oblique streak ; two dots above 
this towards posterior margin. 

Segment IX . — Tergum dorsally as above, laterally just a line of white colour 
below the dorsal stripe. Below this all black except a few whitish dots. 

Segment X . — ^Tergum all black. Cerci smoky. 

Ventral s arf ace.— Nnmerom black dots on a dirty brown basic colour, except 
a yellow streak running mid-ventrally along the length of abdomen. 

a. Coloration of IV stage hoppers bred crowded at 3^^ C. (Plate XXXV III ^ 

fig- 2 ) 

(a) General colour 

Light yellow with a greenish tinge predominates. 

(6) Head 

Frons.— Blight yellow ; a few brown dots near the ventral margin. 

Olypeus . — ^Dull yellow ; dark brown area in the middle and along the lateral 
margins. 

Labrum . — ^Almost all black. 

V ertex.—A triangular black area on each side of epicranial suture. Each 
side of triangle continued as a black line behind eye and joining the black sub- 
ocular genal stripe. Post-ocular region brownish orange, extensive. 

GeTtae. Sub- ocular genal stripe black with a small yellow triangular area 
in front/ 

PosPgenae.—Blsbck. 

Compound eyes. -Striped, with three dark reddish brown stripes. Posterior 
stripe widest covering half of eye ; the other two stripes are narrow streaks. 

Antennae. Smoky black excepting basal two segments. Intersegmentally 
faintly whitish. 

Mandibles. ^All black, except a small yellow spot at base. 

Maxillae *| . —Pale yellow ; palpi black, only at places with whitish basic 

Labium j colour. 


Cervical sclerites. — Smoky. 


(o) Neck 
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(d) Thorax 

Pronotum* — Greenish yellow with brighter spots, white along posterior 
and ventral margins. Keel straight from posterior margin to hind snlcns ; slightly 
convex in front of it. Black in front of hind sulcns, yellow behind it. Lateral 
black pattern faint in the prozonal region dark in the metazonal region, bent 
forward at the top. Metazonal triangular patches black with yellow dots. 

Meso-eputema, — ^Uniformly yellow with a greenish tinge. Dorsal margin 
smoky* 

Meso-epimera, — ^Yellow with a greenish tinge and brighter dots. Dorsal 
margin smoky. Pienral sntnre smoky. 

Met~episterna. — Greenish yellow ; black patches mixed irregularly ; intehaei 
black along posterior margin. 

Met-epimera. — ^All black, blackness creeping up to the base of the wing pads. 

Wing pads.— Base black ; black dots and lines on wing veins. 

Sterna ^ — ^Yellow with black dots. 

(e) Legs 

I and II. — Greenish yellow, light black colour on lemur and tibia at the 
tibio-femoral joint, also at the tibio-tarsal joint. Tarsi dark brown, claws and 
spines black. 

III. — ^Hind femur : the black pattern on the anterior muscle-impression 
area wide with two dark black extensions at its distal end going dorsally and 
ending in the middle of the posterior muscle-impression area. The mesal arm 
is darker and broader than the other. 

Both the ends of tibia light black. Spurs black. Tarsi greenish ; claws 
deep brown. 

{/) Abdomen 

Segment I . — ^Tergum covered by wing pads. Dorsal stripe faint blackish 
with a white patch at posterior margin. Four black dots along the posterior 
margin dorse- ventrally. 

Segments JJ-FJJJ.—A wide black mid-dorsal stripe with white triangular 
patch near posterior margin. Five broad black spots along posterior margin ; 
the ventralmost fused with a fairly wide straight black stripe, the 2nd is fused 
with an oblique black streak. Against the 3rd dot, there are three dots parallel 
to the oblique streak, one dot opposite to 4th ; the 5th fused with the dorsal 
stripe. 

Segment JX.— The lateral pattern consists of one wide black streak. 

Segment X. — ^Black. 

Telson. — ^Greenish yellow. 

Ventral surface, — Greenish ydlow with smoky dots# 

17 a 
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UL Coloration of IV stage hoppers bred crowded at 40^ G, {Plate XXXI fig, 5) 

{a) General colour 

Light yellow. 

(6) Head 

From 

Clypeus y , — Whitish yellow (without any dots), 

Labrum J 

Vertex, — Smoky along both sides of the epicranial suture. Post-ooular 
patch brownish orange. 

Oenae, — Pale yellow in front and light- orange-yellow behind the sub-ocular 
genal stripe, which is narrow and slanting. 

Post-genae, — ^Very light yellow (almost whitish). 

Compound eyes, — Striped ; four narrow, light chocolate-brown stripes with 
almost whitish broad interstripes. 

Antennae, — Smoky in the middle, whitish at the distal and basal ends. 

Mandibles, — ^Exposed parts yellow, dentation black. 

Maxillae *) t> i u 

Labium yellow. 

(c) Neck 

Cervical sclerites. Smoky. 

(d) Thorax 

Pronotum, — Bright yellow, white along the posterior margin. A very fine 
white streak on keel. On the lateral aspect of prozona a faint smoky patch 
with yellow dots. The metazonal triangular patches much reduced ; black 
with bright yellow dots. 

Meso-episterna . — ^White with a yellow tinge. Pleural suture and dorsal 

Meso-epimera J margin smoky. 

MeUepisterna.—YoHlow ; black at places, particularly toward the anterior 
margin. 

Win^pads, — k. black dot at base, rest pale yellow, with remnants of black 
lines on veins. 

Sterna, — ^Whitish with a few fine dots. 

{e:) Legs 

I and II, — Uniformly pale yellow, except tarsi which are laterally faint 
smoky. Claws and spines brown. 

Ill, ^Hind femur : black pattern on the anterior aspect covering only the 
dorsal 2/3 of the muscle-impression area and separated from the antero-dorsal 
Carina by a wide streak of basic colour, except the two narrow smoky extensions 
at its distal end enclosing a wide gap of basic colour. The pattern is extremely 
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faiat and narrow (as if almost broken) at the ventral end of the gap. The two 

extensions are continued to the posterior aspect, but do not cover the posterior 
muscle-impression area and end a little below the postero-dorsal carina. 

Spurs smoky ; claws light brown. Spines black tipped ; black dots on ter- 
minal end of femur. 

(/) Abdomen 

Segments I-X. — Tergum of segment I covered by wing pads ; dorsal black 
stripe irregular in segment II and III, in others it is present , as elongated patch 
with a white triangular area at the posterior margin. In the lateral aspect there, 
are five to six smoky dots along posterior margin. A narrow straight smoky 
stripe opposite to the ventralmost, above this an oblique streak and over this 
five to six black dots. 

Telson. — ^Yellow. 

Ventral surface.— YeMow with a few faint smoky dots. 

w. Coloration of IV stage hopper bread crowded at 44° C. (Plate XL, fig. 4) 
General colour white. 

Eyes white with two very fine, light brown stripes ; lunar area dark. Sub- 
ocular genal stripe extremely faint smoky ; light brownish along the posterior 
margin in the post-ocular region. Rest of face and head white. Antennae white. 

Prono turn almost white. 

Legs almost white. 

Abdomen whitish with grey colour at places. Fine brownish dots along 

posterior margin of some of the abdominal segments. 

5. DeSCEIPTIOK OE THE COLOEATION OE THE EIETH STAGE HOPPEES 
i. Coloration of the V stage hoppers bred crowded at 24° C (Plate 

XXXVII, fig. 4) 

(a) General colour 


Black predominatingj with light yellow, pinkish and greenish tinge at places. 

(b) Head 

' Frans [ ') - 
Glfjpeus Jet black. 

Labrum J 

All black, except a small brownish portion dorsad of the base 
of antennae. Post-ocular patch brownish, very much reduced, and concealed 
under pronotum. Epicranial suture very faint. 

Genae.—AU. jet black, sub-ocular genal stripe not distinguishable. 
Compound eye^.— Dark, reddish-brown. No stripes. 

Mandibles 

Maxillae — Black. 

Labium J - 
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Cervical sclerites. — ^Black. 


(d) Thorax 

Pro«of«f».— Entire pronotum jet black ; dotted with very small greenish 
yellow spots. Sulci along the dorsal portion have pinkish tinge. No separate 
metazonal patches. ^ 

insignificant yellowish 

ifeao-epmeTO.— Black with larger and more prominent yellow dots. 
Met-exdsterna.—Sot black, two small yeUow dots, 
ifei-eptmera.— Jet black, three small yellow dots. 

Wing pad5.— Base black, all veins black, rest of wing greenish yellow. 
Sterna . — Brownish black. 

(e) Legs 

I and II. Pinkish brown with black colour over the greater area. 

f®“iur : anterior muscle-impression area completely black and 
used with the black pattern on the posterior muscle-impression with the exception 
ot the proximal end and a narrow gap of ground colour near the distal end The 
posterior black pattern ends on the postero- ventral femoral earina. 

Apex and head of tibia jet black, rest dirty orange-brown. Tips of spines 
spurs, and dorsal tarsi, black. f* P > 

(/) Abdomen 

Segment Tergum covered under wing pad, brownish. 

whSfrk very wide, and black with posterior 

A spiracular stripe is a broad black stripe. 

Above this an obhque streak which is most prominent and, going up along the 
mtenor margin meets the dorsal stripe. Over this two broken streaks. Very 

^h aetrot^ 

Seg-menis IX and X.— Tergum dark black. 

Telson.— yellowish brown. 

Ventral swr/ace.— Brownish black with a lighter mid-ventral line. 

%u Coloration oj V stage hoppers bred crowded at 3S° C. [Plate XXXV III 

(a) General colour 


Brownish yellow. 
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(b) Head 

Fmns,~Bmwmsh yellow, darker along the carinae. Few fine black dots 
close to the ventral margin. Two dots near the vertex. 

Bark brownish yellow ; darker near ventral margin ; black oblii|ue 
line coming from each dorso-lateral corner. 

Labmm.—BUck ; a light brown streak exactly in the middle ; lighter along 
lateral margin, light brown near the notch. 

Ferto.— Black on either side of a very fahit epicranial suture. The black 
colour continued down behind the eyes to the sub -ocular genal stripe. Post- 
ocular area orange. 

Sub-ocular genal stripe black. In front of it and behind it a yeMow 
area with Mack dots. 

Post-gewie , — Pale yellow, with blurred black colour along anterior margin. 

Compoufid eye^f.— Five reddish brown stripes. Interstripal area between 
anterior three stripes whitish, between others light reddish brown, so that stripes 
are just distinguishable. 

Antennae , — Black ; basal two segments and lateral aspect whitish. 

Mandibles , — Anterior and posterior aspect black, laterally black with a 
light yellowish area. 

Maxillae ) , — Bull white, palpi black, intersogmentally yellowish. Tip of 

Labium 5 galea black. 

(e) Nech 

Cernml sderites, — Black. 

(d) Thorax 

Pronafmni , — White along ventral and pOvSterior margin. Keel black on the 
prozonal region and yellow in the metazonal region. Lateral black pattern large, 
well marked in the metazonal region, blackish brown with yellow spots in the 
prozonal region. Between the black triangular metazonal patch and the lateral 
pattern is a brown to yellow comma-shaped band. 

Meso-epislema , — ^Uniformly brown. 

Meso-epimera , — Brown with brighter dots. 

Met-episterna, — Black, irregular whitish patches at places. 

Met-epirnera , — ^Uniformly black, 

W ing pads , — Base all black ; black continuous lines on the anterior veins ; 
black dots on posterior veins. 

Sterna , — ^Yellow with fine smoky dots. 


Legs 

I and II, — Brown, a black spot at the apex posteriorly, black dots near the 
femoral end of tibia. Tarsi light brown : claws blackish. 
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III, — Hind femur : a wide black stripe on tlie anterior muscle-impression 
area leaving only a narrow line of ground colour above the antero- veiitral femoral 
Carina. 

Its two dorsal extensions on the distal end are brownish black, and enclose a 
gap of ground colour almost as wide as the thickness of each extension. 

Cn the posterior aspect the mesal extension is broader and, crossing the 
posterior muscle-impression area, ends a little above the postero-ventral carina* 
Distal arm ends a little below the postero-dorsal carina. Apex of femur black. 

The head of tibia black : spines brownisb. Spars dark brown* Tarsi and 
claws brown. 

(f) Abdomen 

Segment I. — Tergiim covered under wing-pads, faint markings. 

Segments /I- 7//!.— Mid'dorsal stripe broad, live dots along posterior margin, 
the lowermost fused with the ventral straight stripe. In front of the 2nd a 
broken oblique streak. In front of the Srd and 4tli dots, a number of dots irregu- 
larly situated. The 5th dot fused with the dorsal stripe. 

/X-X.-—Tergum dark brown. 

Ventral surface.— Yellow, with black dots. 

(iii. Coloration of V stage 'hoppers bred crowded at ifP C. {Plate XXXIX^ pj, 4) 

(a) General colour 

Bright yellow, with a slight greenish tinge.; very little of black pigmonta- 
tion. 

{h) Head 

Frons. — Bright yellow, sHghtly greenish along frontal carinae, no black dots. 

Chjpeus, — Dorsal half bright yellow, ventral dull white with a yellowish 
tinge. 

Labrum. — Yellow in the middle, dull white along the lateral margins. 

Vertex, — ^^Blackish triangular areas on each side of the epicranial suture. 
A 3mUow line between compound eye and the above area. Post-ocular patch 
orange-yeUow. The black coloration does not fuse with sub-oculat genal stripe. 

Cenae. — Yellow, both in front of and behind the black sub ocular genal 
stripe, which tapers downwards and is not continued behind the eyes. 

PoH^genae. — Yellow. 

Compound eijes. — Kve-six light chocolato-brown stripes with whitish 
interstripes. 

Antennae. — Basal and distal segments whitish or light brown ; middle smoky; 
whitish along the ventral side. 

Mandibles,— Yellow \ anterior margin black. 

1 of palpi smoky. 
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(c) Neck 

Cermcal sdentes,—^mdkj, 

id) Thorax 

Pfonotum.—YeWo-w with brighter specks, wdiite along the anterior^ ventral 
and posterior margins. Keel yellow in front and white behind the hind sulcus. 
Lateral black pattern absent, only faint smoky colour at the base of posterior 
sulcus. Smoky metazonal triangular patches witli yellow dots on each side of 
the median line, narrower and darker in front, wider and fainter posteriorly. 

MesO’episterna , — Yellow without any black dots. 

Meso-^epimera , — Uniformly yellow, whitish near the posterior margin. 

Met’’episterna.—Yello^Y, a black streak along the posterior margin. 
Met~epimera . — Yellow, a black streak along the anterior margin. 

Fmy Black dots at the base of wings. Dots on dorsal longitudinal 

veins, lines on low^er longitudinal veins. 

Sterna . — Uniformly 3 ^eiIow. 


(e) Legs 

I and JJ.~Femur and tibia yellow, tarsi light brown ; claws and spines 
tipped with brown. 

ILL — Hind femur : on the anterior aspect black colour only on the dorsal 
2/3 of the muscle-impression area, the remaining 1/3, above and along the antero- 
ventral femoral carina yellow. The black extensions at the distal end of muscle- 
impression area light, i.e., smoky and enclose a wide patch of ground colour. 
These two extensions go up, cross the dorsal carina and end on the posterior aspect 
just beIov7 the postero-dorsal femoral carina. The distal arm is very faint on the 
posterior aspect. 

(/) Abdomen 


Segment /.-—-Tergum covered under wing-pads, uniformly yellow. 

Segment Ji.—Dorsal black stripe on tergiim absent. A row of four black dots 
dorso-ventralh^ on each lateral aspect. 

Segments J//-F///,— -On tergum, dorsal stripe blurred black, interrupted 
by a white patch at the posterior margin. Laterally five elongate black dots 
along the posterior margin. The ventralmost united with the straight black 
stripe, tlie 2nd opposite to a faint brown oblique streak usually cut up. Opposite 
to the 3rd and 4th are three or four dots irregularly arranged. 

Segment IX. — Mid-dorsal stripe and lowermost straight stripe faint smoky, 
rest yellow. 


Segment X 
Telson 


|. — Yellow, 


Ventral surface.— YoTlovr. 
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iv. Coloration of the Y stage hojppers bred crowded at 44° 0. (Plate XL, fig. 5) 

General colour white, pale yellow tinge at some places. Eyes with three light 
brown stripes, interstripes white. Extremely faint, smoky sub-ocular genal 
stripe visible. Light brownish yellow along the posterior margin of the post- 
ocular region. Eemaining face and antennae white. 

Pronotum white behind the hind sulcus, pale yellow tinge in front of it. 

Legs white, light brown fish-bone area on the anterior aspect of hind femur. 

Abdomen white with a very light yellowish tinge. Faint smoky dots along 
the posterior margin of each abdominal segment. 

IV, Concluding remarks on colour variations 

From the detailed description of the hoppers of the different stages, bred 
crowded, at various constant temperatures, viz., 24° C., 33° 0., 40° C. and 44° C., 
it is possible to summarise the following general conclusions : — - 

(a) General colour 

At 24° C. the black colour is most intense and the black pattern most extensive, 
i.e., the black predominates. At 33° C. the pigmentation is generally reduced 
and the general body colour is light yellowish in II and III stages, and greenish 
or greenish yellow in IV and V stages. The black pattern is present at 40° C* 
although much reduced. At 44° C. the black pattern is almost absent. The 
colour is uniformly dull white to pale yellow and there are no black markings 
except faint smoky design in some cases. Thus with successive rise in tempera- 
ture the black pigmentation gets reduced and is finally eliminated. 

(b)Head 

At 24° C. the entire front, clypeus, labium and genae arejet black, therefore 
the sub-ocular genal stripe is not distinguishable. At 33° C. the black colour is 
confined to the lower part of the head — the labrum is entirely black, while clypeus 
may be only black or spotted ; the frons has a uniform pinkish colour with fine 
black dots on the carinae. The black sub-ocular genal stripe is broad, creeping 
up along the margin of the compound eyes. The rest of the gena has the ground 
colour of the body. At 40° C. the entire face including frons, clypeus and labrum, 
has the uniform dull white colour in the II and III stages and yellow or greenish 
yellow in IV and V stages without any black markings or dots. The sub-ocular 
genal stripe is very narrow and smoky or has a bluish tinge. At 44° C. no black 
pigment is present. 

Vertex and posUocular region . — ^At 24° C. the epicranial suture is faint or 
indistinct and the vertex and post- ocular region are black, except a very reduced 
post-ocular brownish orange patch. At 33° C. there are well-marked triangular 
areas on each side of the epicranial suture. The lower angle of the triangles is 
continued downwards as a narrow streak behind the compound eyes joining the 
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sub-ocular black portion. The post- ocular patch is extensive and orange-yellow 
in colour. At 40° C. broken triangular areas are present on each side of the epi- 
cranial suture and are not continued downward, nor fused with the sub- ocular 
genal stripe. The post-ocular patch is brownish in II stage and yellowish orange 
in the remaining stages. The rest of the post- ocular region has the ground colour 
of the body. 

Compound eyes,— kt 24° C. the eyes are not striped and have a uniform dark 
reddish brown coloration. At 33° C. the hoppers of II stage retain the uniform 
dark reddish brown coloration, but those of the later stages have striped eyes. 
The stripes are reddish brown with interstripes. There are three or four such 
stripes in III, four or five in IV and five or six stripes in V stage. At 40° 0. 
the eyes are striped in all the stages. In II stage the anterior half is light grey 
and the posterior is dark brown. This fact is of interest because the striped 
eyes are regarded as a character of the solitary hopper. In these experiments 
the crowded hoppers have attained the striped conditions. 

The situation may be explained thus. The eyes are essentially striped in 
ScMstocerca gregaria, but these stripes are concealed by superimposed pigmenta- 
tion and when that is removed through any cause, the stripes become evident. 

Antennae , — At 24° C. and 33° C. the antennae are black excepting the basal 
tw’‘o segments which are lighter, and a lighter line along the lateral aspect of 
the antemiae. At 40° G. the antennae are smoky in the middle and whitish 
at the base and tip. 

(e) Cervex 

The cervical sclerites are black at 24° C. and 33° C., but lighter, i.e., smoky 
at 40° C. 

(d) Thorax 

Pfonotnm.—k% 24° C. in II, III and IV instars there are prominent black 
stripes on each side of the median line, which are usually fused with each other 
in the prozonal region. They widen up anteriorly to form small black triangular 
areas, and also posteriorly to form triangular metazonal patches. In the lateral 
region there is a large black pattern covering the whole of prozona and greater 
portion of the metazona, leaving only a comma-shaped patch of ground colour. 
There are usually whitish or yellowish white dots on the lateral black pattern in 
III and IV stages. In V stage the entire pronotum may become black with 
numerous yellowish dots. 

At 33° C. the mid-dorsal line on the pronotum is white, with a narrow black 
stripe on its either side which widens up posteriorly forming the usual black tri- 
angular metazona! patches. The lateral black pattern is less extensive, usually 
lighter in the prozonal region and leaving a broader comma-shaped patch of basic 
colour along the dorsal and posterior margin of pronotum. 
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At 40"^ C. there are narrow smoky stripes on each side of a whitish median 
line with the smoky triangular metazonal patches at their posterior end. The 
lateral black pattern is almost absent in the prozonal region and only faint smoky 
marks may be present in the metazonal region. At 44° C. no black pigment is 
left. 

Meso- and meta^nota. — In II and III stages the meso and meta-nota carry 
a mid-dorsal black stripe in continuation of the black stripe on pronotum. Below 
. this on each side is a whitish stripe in continuation of the similar stripe on pronotum. 
.,The remaining area below this white stripe is black. 

At 24° C. and 33° C. the mid-dorsal black stripes are wider and more intense 
leaving a relatively narrow lateral white stripe. At 40° 0. the stripes are very 
narrow and smoky and at 44° C. the colour is dull white. 

In IV and V stages the meso and meta-notum are covered under wing pads 
and do not show the pattern found in the II and III stages. 

Lateral thoracic sclerites. — The pro-episternum is black at 24° C. and dull 
white to yellowish at higher temperatures. 

At 24° C. the meso-episternum and meso-epimeron have the basic colour 
of the body with smoky or black patches at different places. 

The met-episternum and met-epimeron are uniformly black at 24° C. At 
33° C. the met-episternum is mixed black and white, while met-epimeron remains 
uniformly black. At 40° C. the met-episternum and met-epimeron are uniformly 
white or yellow, with usually black marks along the sutures. 

Sternum.— At 24° C. the ventral side of thorax has numerous dark brown to 
black patches ; at 33° C. there are smoky dots on the basic coloration, while at 
40° C. the ventral thorax is almost uniformly white or yellow. 

{e) Legs 

I and II 'pairs. — At 24° C. and 33° C. the first two pairs of legs have numerous 
smoky dots with extensive black rings along the head and apex of femur and tibia. 
The spines are black and the tarsi, dark brownish. 

At 40° C. the dots are faint brownish and only smoky spots are present on 
the head and apex of femur and tibia. The tarsi are lighter at 44° C. 

Hind legs. — At 24° C. the anterior muscle-impression area of femur is com- 
pletely black, amd pigmentation is extensive. The black patterns on the anterior 
and posterior surfaces are almost fused dorsally with the exception of a narrow 
oval gap near the distal end. 

At 33° 0. the black pattern on the anterior muscle- impression area is less 
broad and leaves a narrow streak of basic colour above the antero-ventral femoral 
carina. It, however, possesses two black dorsal extensions near the distal end 
which enclose a gap of basic colour and usually end on the postero- ventral femoral 
Carina. 
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At 40° C. the black pattern is narrow and covers only upper 2/3 of the anterior 
muse e-impression area, the remaining 1/3 along the antero-ventral femoral carina 
IS yellowish. The two dorsal extensions at the distal end are narrow and broken 
and enclose a relatively larger oval gap. They end at the postero-dorsal femoral 

cst/rinQi, 

In the hoppers of the II stage at 24° C. and 33° C. the posterior muscle-im- 
prcssion area is also black, like the anterior one. 

MarMngs on the meta-femur, meta-tibia and meta-tarsi undergo changes 
almost like those in the I and II pairs of legs. The distance between the posterior 
end of the femoral black pattern and the black ring at the apex of femur increases 

as the temperature rises. 


At 44® C. no black pigment is left. 

(/) Abdomm 

_ Segment In II and III stage hoppers there being no wing pads, segment I 
IS not covered. The mid-dorsal stripe is always present with the ivory coloured 
triangle at the posterior margin, but the black stripe is broader and intenser at 
24 C. and narrower and divided into two by a fine white median line at 33° 0 
and 40° 0. Laterally there are a number of black dots along the posterior margin 
and above the ear, but their number and intensity of colour decreases as the tem- 
perature rises from 24° C. to 40° C. 


In IV stage hoppers, segment I is partly covered under the wing pad and 
shows partial black markings. At 24° C. the mid-dorsal tergal stripe is broad and 
black and with the usual mid-dorsal ivory patch at the posterior margin of each 
segment. Laterally there are a few black dots along the posterior margin with a 
few more in front of it. At 33° C. the mid-dorsal stripe is faint and lateraUy there 
are only four or five dots along the posterior margin, while at 40° 0. and 44° C 
the black markings are absent. A few faint smoky dots may be present in the 
lateral aspect. 

Ill the hoppers of V stage this segment is completely covered under the winff 
pads so that there are hardly any markings on it. 

Segments II-VIII.~At 24° C. the dorsal black stripe is broad and undivided 
with the usual white triangular area at the posterior end. Laterally above the 
white spiracular stripe, there is a broad straight black stripe with its anterior end 
much wider. Above this, is a black oblique streak and a number of black 
dots arranged in a row paraUel to the obhque streak. Lastly there are two or three 
dots above this which are sometimes fused into black spots. Very little of the 
ground colour of the body is visible laterally. The same pattern is maintained 
at 33° 0. and 40° 0. but the streaks as well as dots become lighter and narrower 
Segments JX-X.-At 24° C. the 9th and 10th segments are almost entirely' 
black. At higher temperatures, the mid-dorsal stripe is present in continuation 
of previous segments but it is narrower. The lateral aspect does not have the 
usual pattern consisting of regular streaks, but possesses a row or two of dots only 
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Telson . — At 24° C. the telson is brown to black ; at higher temperatures it 
has the basic colour of the body with or wntliout smoky spots. 

Ventral surface of abdomen . — At 24° C. the ventral surface of abdomen is uni- 
formly brown to black, excepting a lighter mid- ventral line running along the 
length of abdomen. At 33° C. the ventral surface is dull white with many smoky 
or brownish dots. At 40° C. the entire ventral surface is uniformly whit© or yellow. 

Note. — The coloration of hoppers at 24° C. is the nearest approach to that of 
the hoppers met with normally in a swarm of spring brood, while the coloration of 
hoppers at 33° G. represents very nearly that of the hoppers of the summer brood. 

V. Discussion 

Several theories have been advanced to explain different types of colour 
forms among insects, Standfuss [1896] and Hudson [1913] regarded the develop- 
ment of pigmentation as a phenomenon of adaptation, the dark coloured forms 
in humid places, and near industrial towns, appearing in response to their 
more or less dark -coloured surroundings, providing protective coloration for the 
organism. The development of pigmentation in the ' gregarious ’ hoppers cannot 
be explained on the basis of protective or concealing coloration. The ' solitary ’ 
hoppers with their general light green colour are very well- concealed among green 
bushes, while the ^ gregarious ’ hoppers with their black and yellow colour are 
most conspicuous on the desert sand on which they venture out, ‘ without cover ", 
in thick swarms. 

Knight [1924] at first regarded the white and pigmented forms of Perillus 
bioculatus as two independent forms, but after a large number of breeding experi- 
ments he w^as not able to establish pure lines of non-pigmented and pigmented 
forms. He was, therefore, forced to the conclusion that the colour patterns of 
individual bugs were influenced by external conditions and were not characters 
inherited from their parents. This is exactly the situation with respect to the 
Desert Locust. External conditions determine the coloration of the hoppers, 
irrespective of the coloration of the parents and irrespective of the coloration, 
which an hopper possesses in the first stage. The most important of these external 
factors is, of course, the density of population in which the hoppers are bred, whether 
under natural conditions or in a cage. This correlation of the intensity of popula- 
tion and coloration greatly complicates the question of pigmentation in locusts. 

Temperature also influences coloration. The production of dark colour 
aberrations in Leptinotarsa sp. at both high and very low temperatures has been 
explained by the failure of the action of ferments which are adversely affected 
at both these limits [Przibram, 1919]. 

Linden [1904] explains the colour variation ‘ of temperature forms " on the 
basis of changes in metabolism and particularly in the rate of respiration. A ccord- 
ing to Prochnow [1929] one of the functions of pigment-formation is the disposal 
of waste products. The waste products, which cannot be excreted jBrom the 
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body, are deposited as pigment. From tins it follows that greater the rate of meta- 
bolism, greater the quantity of waste products and higher the deposition of pigment. 
Schulze [1917] maintains that since the males show a more active oxidation than 
; the females, we must have more strongly black-pigmented forms among the 

males than among the females. On the basis of these theories one ought to get 
black pigments intensifying at high temperature, but this does not happen in 
Sckistocerca gregaria. 

Faure [1932] investigating the causes underlying the developments of the 
gregaria black coloration in locusts proposes the theory of production. 
As a result of the excessively high rate of metabolism obtaining in swarm life 
locustine is produced, and this leads to the development of black pigmentation. 
According to this theory increased metabohsm as a result of great muscular activity 
at high temperature must produce larger amount of locustine and consequently 
more darkly pigmented forms, which is not the case in Sckistocerca gregaria. 

Contrary to these views, Knight [1924], basing his opinion on his experiments 
on Perillus bioculaius, maintains that increased metabolism produces de-pigmented 
forms. He argues that since the females have to mature large number of eggs, 
the metabolism in this sex goes on at a higher rate, than in the male, consequently 
the females are whitish between 78-82° F., while males are coloured. The physio- 
logical activity of these bugs can also be raised by rearing them at a temperature 
of 85° F. or higher, when the white forms appear. He maintains that restricted 
movements, in other words, less exercise, also gives darker forms. Therefore 
according to this investigator increased metabolism does not produce pigment, 
but on the contrary, consumes or otherwise disposes of the materials, which under 

low temperature are laid down as pigment in the body wall. This view is also 
supported by the studies of Genieys [1925], Schlottke [1926], and Kiihn and 
Henke [1929]. 

According to Schroder [1903], dark pigments are formed under the influence 
of cold so as to increase the absorption of heat by the insect and thus counter- 
balance the influence of cold on development. This theory does not explain the 
origin of pigmentation ; it only explains the consequence of the development of 
pigmentation. 

The influence of temperature on the pigmentation of Desert Locust hoppers 
bred crowded seems to be exactly like that mentioned by Knight. More deeply 
pigmented forms are produced at low temperature, while less pigmented forms 
result from breeding at high temperature. In regard to the influence of muscular 
activity, however, the results of experiments conducted [Afzal Husain and 
Mathiir, 1936] are very different. Increased muscular activity in their experiments 
produced darker forms. 


These studies thus show that whatever the significance of the development 
of black pigmentation, the causes leading to it are physiological and not morpho- 
logical. And since the effect of temperature on physiological processes is differeut 
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in different groups of insects it would not be safe to make generalization, each 
group of insects meriting special study. 

In the Desert Locust, as in some other locusts, the swarming phase differs 
from the solitary phase, in addition to coloration, in soine anatomical details, 
expressed in differences in the shape and size of certain portions of the bodj’'. It 
will be worth investigating if coloration and anatomical differences go together. 
This problem v/ill receive attention in a subsequent paper. It appears evident 
that one cannot place too much reliance on coloration in distinguishing phases 
and sub'phases. 

VI. Summary 

The temperature at which locust hoppers are bred has a marked influence 
on the intensit^^ as well as the extent of pigmentation in. the hoppers of ScMsiocerca 
gregaria bred crowded. 

Hoppers bred crow^ded at 24° C. develop deep and extensive black patterns 
on the various parts of the body and the black colour is predominent. 

At high temperature the black markings get reduced and the basic yellow or 
greenish yellow colour predominates. 

At a still higher temperature of 44° C. the black markings are almost entirely 
absent, and the hoppers are whitish. 

The present studies indicate that the causes leading to pigmentation are physio- 
logical and not morphological. The influence of temperature on pigmentation 
would thei’efore be determined by the manner in which the physiological processes 
are affected in different groups of insects. 

These experiments also show that all stages in the variation in colour from 
blacik to white can be produced in the crowded hoppers under the influence of 
temperature. Tncidently one may ask if reliance can be placed on colour in mak- 
ing distinction between the different phases and sub-phases. 
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Tablk II 


Life^history of hoppers reared at different constant temperatures. Experiment II 

Beference No, P 74 


Date 

Days 

24° C. 

27° C. 

30° C. 

33° C. 

36° C. 

40° C. 

14th 

J an. 1933 

0 

1(3) 

1(3) 

1(3) 

1(3) 

1(3) 

1(3) 

15th 

9* • 

1 







16th 

if * 

2 

D (1) 






17th 

9i • • • 

3 



D(l) 


n (3) 

n(3) 

18th 

99 . * * 

4 



II (2) 

n (3) 



19 th „ . 

5 







20th 

>» • • • 

6 


11(3) 



III (3) 

III (3) 

21st 

99 • 

7 







22nd 

99 • • 

8 

11(2) 



III (3) 



23rd 

99 • • • 

^ 9 



III (2) 



D(l) 

24th 

99 • * • 

10 





IV (3) 

IV (2) 

26th 

*9 • • • 

11 







26th „ . . . 

12 


III (3) 


IV (3) ^ 



27th 

f. • 

13 







28th „ . 

14 



IV (2) 


V(3) 

V(2) 

29th „ . 

15 







30th 

>» • 

16 

m (2). 






31st „ . 

17 




V(3) 



1st Feb. 1933 . 

18 


D (1) 





2nd „ . 

19 


IV (2) 





3rd ,, . 

20 



V(2) 




4th ,, . 

21 





A (3) 

A (2) 

6th 

99 • ' . • 

22 
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Pate 

eth Feb. 1933 
7th „ . 

8th „ . 

9th 5, . 
10th „ / 

nth „ . 

12th „ . 

13th „ . 

14th „ . 

15th „ . 

16fch „ . 

17th „ . 

18th „ . 

19th . 

20th „ . 

21st „ . 

22Tid . 

2Srd „ . 

24th , . . 
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wm 


20th Jan. 1933 


21st „ . 


22nd „ . 


26th „ 


31st „ . 
Ist Feb. 1933 


2nd „ . 
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Table III — contd. 


Days 24° C. 27° C- 30° 0. 33° C 36° 0. 40° C 


III (7) m (6) 


8 11 ( 6 ) 

9 ‘ D (2) 


D(2) 

III (7) III (6) 


26th „ . 

10 




IV (7) 

IV (6) 

27th „ . 

11 






28th . 

12 


D{1) 


D(l) 


29th „ . 

13 


III {4j 


IV (6) D (1) 

D(l) 

30th „ . 

14 



IV (7) 

V{5) 

V(6) 


15 


16 


17 ^ III (4) 



IV (4) V (7) 


D(l) 

A (6) A (4) 
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Date Days 24° C- 27° C- S0° C. 33° C- 36° C. 40° C- 
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Table III — concld. 


Date 

Days 

24° 0. 

I 

1 27° C. 

6 

1 O 

O 

CO 

33° C. 

36° C. 

40° C. 

13tli Mar. 1933 . 

56 







14th . 

57 







15th „ . . 

‘ 58 







16th „ . 

59 


1 





17th „ . 

60 







18th „ . . 

61 

1 

1 




1 


19th „ . 

62 




1 



20th „ . 

63 







21st „ . , 

64 

A (2) 






Duration of hopper 
in days. 


64 

( 

47 

31 

27 

21 

* 21 
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PLATE X 


GREGARIOUS HOPPERS BRED CROWDED AT A TEMPERATURE OF 24°C. 


Hopper of the second stage (x2’2) 


Fig. 3. Hopper of the fourth stage ( x Td) 


Fig. 4. Hopper of the fifth stage ( x 1*1) 


a. Pronotum enlarged, b. Abdominal segments enlarged 









GREGARIOUS HOPPERS BRED CROWDED AT A TEMPERATURE OF 33°C. 


Fig. 1 . Hopper of the second stage ( x 2-2) 


Fig. 2. Hopper of the third stage ( x I'S) 
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PLATE XXXVIII 
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PLATE XXXIX 


GREGARIOUS HOPPERS BRED CROWDED AT A TEMPERATURE OF 40®C. 



Fia. 1. Hopper of the second stage (x2*2). 



Fig. 2. Hopper of the third stage ( x T8). 



Fig. 3. Hopper of the fourth stage ( X T5). 





Fig. 4. Hopper of the fifth stage (Xl’l). 


(a) Proaotum enlarged, (b) Abdominal segments enlarged. 
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PLATE XL 




la % Ih 

Fig. 1. Hopper of the first stage, which was the starting point of experiment (x2*8) 

(a) Pronotiirn enlarged (b) Abdominal segments enlarged. 

HOPPERS BRED CROWDED AT 44° C. 




Fig. 2. Hopper of the second stage (x2*8) Fig. 3. Hopper of the third stage (xl*7) 



Fig. 4. Hopper of the fourth stage (xl‘7) 
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(With four text-figures) 

Inteodtjctoey 


Like most other Locustidae (Acridiidae), Schisiocerca gregaria Forsk, normally 
lays its eggs in holes made in the soil. These burrows ordinarily are about 8-13 
cm. deep. The eggs are deposited in an elongated pod at the blind end of this 
burrow. While the eggs are being passed out of the body of the female, a viscous 
matter is also poured out, and with the air bubbles present, it forms a foamy material 
which sets as a frothy or spongy covering of the egg-pod. After all the eggs have 
been laid the female gradually withdraws its abdomen from the burrow and while 
doing so she pours out a mass of this foamy material which sets into a frothy or 
spongy plug or stopper, which occupies the entire space in the burrow not occupied 
by the egg-pod. The eggs thus lie a few centimeters below the soil surface, in a 


’''Studies on g^re^ana Forsk. 

I. The Micropyle in Bchistocerca gregaria Woisk, and some other Acridiidae. Ind^ 

J, Agric, Sci. 3 : 639 - 645 . 

II. The Biology of the Desert Locust with special relation to Temperature. Ind. J, 

Agric. Sci. 6 : 188-262. 

in. Why do Locusts Eat Wool ? A Study in the Hydromania of Schisiocerca 
gregaria, Ind. J. Agric, Sci, 6 : 263-67. 

IV. Colour Changes and Sexual Behaviour in Desexualised Schisiocerca gregaria 
Adults. Ind, J , Agric, Sci, 6 : 586-90. 


V. Pigmentation and Physical Exertion. Ind,J, Agric, Sci. 6 : 591-623. 
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burrow closed with a spongy plug. This spongy plug may sometimes come slightly 
above the surface of the soil, but generally it stops a little below the upper 
opening of the burrow. Very often the mouth of the burrow gets closed by the 
disturbance of the soil. 


From what has been said above, it is evident that the larvae hatching a few 
centimeters below the surface of the soil have to work their way out. 

As is well known, the insect as it comes out of the egg shell or chorion is 
not a hopper but a vermiform larva. In other words the future hopper is enclosed 
in a thin membraneous overall, and its appendages lie in small blind sleeves of this 
overall, and are not capable of free movement. The only method of progression, 
which this vermiform larva is capable of, is wriggling like a worm ; hence the name 
vermiform larva. These larvae thus wriggle their way out through the frothy 
plug and the soil above and reach the surface where the ‘intermediate ’ moult 
occurs and the larval skin is shed and the first instar hoppers emerge. 

The question arises : What directs the vermiform larvae towards the surface 
of the soil 1 The present state of our knowledge regarding this interesting pheno- 
menon has been admirably summarised by Uvarov [1928] in the following 

“ The causes that direct the movement of the emerging larvae upwards have 
never been studied, although the phenomenon is of considerable interest. Theo- 
retically it may be suggested that photbtropism of the larvae plays a certain role, 
though on the other hand, larvae hatching in a glass jar containing earth move 
upwards along its transparent walls as usual. Apparently the movement is in- 
fluenced by gravity (negative geotropism) and this suggestion is supported by the 
fact that the larvae that emerge from an egg turned upside down also move 
upwards .” 

Thus two forces have been credited as providing the stimulus — positive pho- 
totropism and negative geotropism. Our experiments, however, show that an 
absolutely different factor is responsible, for directing the movement of the larvae 
out of the soil. 


Positive phototeotism 

The fact, that the vermiform larvae in the soil, particularly when the opening 
of the burrow is closed, cannot be directed by light, is in itself a definite proof that 
phototropism plays no role in this directive movement. During our investigation 
numerous cages were kept in incubators placed in a photographic dark room, and 
It was found that the emergence of the vermiform larvae from the soil was in 
every case quite normal. 


Negative geoteoeism 


_ Defimte experiments have been performed to determine if geotropism 
dureotive factor, but the results obtained show that it is not so. ' ' 
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Experiment 1. — fertilized female was caged in a circular glass dish 15 cm. 
in diameter and 9 ■ 5 cm. deep (Fig. 1). At the bottom of the dish a layer of moist 
soil3*9 cm. in thickness was placed. On 23rd February 1931 the female had bored 
into the soil almost vertically and having come against the bottom of the dish she 
continued to bore parallel to the bottom. She thus made a vertical burrow 3*9 
cm. deep and a horizontal burrow 8 *6 cm. long, along the bottom of the dish. 
Eggs were laid at the blind end of this burrow. The egg-pod which was 5 * 1 cm. 
long was parallel to the bottom of the dish and consequently the long axis of the 
eggs was horizontal. 



Fig. 1. 


The remainder of the horizontal limb of the burrow was closed by the plug of 
froth 3*5 cm. in length. This plug reached the end of the horizontal portion of 
the burrow. The vertical part of the burrow got closed on account of the soill n 
the dish being moistened with water from time to time. 

At 12-10 hours on 20th March 1931 when the dish was examined the eggs 
were hatching. The movements of the larvae during their attempt to come out 
of the burrow were stuc|ie^. At the time of observation six larvae were seen in a 
line near the junction of vertical and the horizontal limbs of the burrow, trying to 
force their way out. Failing in their attempt to make a path through the soil, at 
about 1 -45 P. M. the larvae turned back towards the blind end of the burrow where 
the egg-pod lay. By this time more of the larvae had hatched out and had reached 
the froth. Thus the larvae in front being unable to go back, moved in a circle at 
the end of the horizontal limb of the burrow. After about two and a half hours 
the dish was placed on edge in such a manner that the egg-pod was in a vertical 
position with the plug of forth, downwards. The larvae did not make any attempt 
to go up towards the egg-pod. They did not show any response to go against the 
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force of gravity but continued to move in a circle and those behind continued to 
move down in, the plug of froth. In other words the movements were quite inde- 
pendent of the directive force of gravity. 

As the soil was rather hard for the larvae to make their way through, a hole 
was made for them to come out. The vermiform larvae now came oiit of this hole 
and shed their skin. 

Experiment 2 . — fertilized female was made to lay eggs in an ordinary glass 
test-tube filled with soil. The egg-pod was visible through the walls of the tube. 
The length of the egg-pod was 2*5 cm. The plug of froth which extended to the 
surface of the soil was 6 cm. of which the lower 4 cm. could be seen clearly. The 
closed bottom end of this tube was broken. The length of the column of sand 
between this end and the bottom of the egg-pod was 6 *4 cm. This tube containing 
the egg -pod was placed upside down, over a glass chimney so that the egg-pod was 
still held in a vertical position but its normal lower end was above, and the plug of 
froth below (Fig. 2). Except this the egg-pod was not disturbed in any way. 

The eggs hatched on 14th April 1931 and all the fifty-two larvae worked their 
way downwards through the plug of froth and di’opped down at the bottom of 
the glass chimney, the intermediate moult taking place in this situation. 








The larvae did not work their way upwards as should have happened if 
negative geotropism had been the determining factor; they all bored their 
way downwards through the froth. 

Experiment S. — Kn egg-pod deposited on 7th April 1931 was removed from 
the soil on 15th April 1931 and placed in a tube made of celluloid ,14 cm. long and 
2*4 cm. in diameter (Fig. 3). The egg-pod was 3 cm. long. The tube 
was placed over a glass chimney (as in experiment 2) in such a manner that 
the normal upper end of the egg-pod was uppermost and was covered with 4 cm. 
of sand. At the lower end of the pod a cork (cork No. 1) with a hole in the centre 
was placed to keep the egg-pod in position. Through this hole in the cork, the 
original froth column was introduced so as to come in contact with the 
eggs at the normal lower end of the egg-pod. Bound this frothy plug, soil was put 
and another cork (cork No. 2) with a hole introduced at the lower end of the tube 
to keep this soil in position. 
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The eggs hatched on 19th April 1931 and all the larvae worked their way down- ' 
wards and passed through the hole in the upper of the two corks. Most of them 
went round and round in a circle in the space just below this cork. Two of them 
had almost reached the lower cork, none of them succeeding in finding an opening 
through the lower cork. None of the larvae went to the upper end of the egg-pod. 

This experiment shows that if the froth column is removed from the normal 
upper end of the egg-pod and placed at the normal lower end of the pod, then the 
vermiform larvae bore through it and work downwards instead of going upwards. 

Experiment 4 . — ^A four- way celluloid tube was prepared. The diameter of the 
tube was one inch and each limb was 2| in. long. The four limbs of the cross so 
formed were marked A, B, C and D (Fig. 4). An egg-pod (without froth) which 
had been laid in soil in nature (Shergarh in Montgomery District on 15th August 
1931) was placed at 12 noon in the central space in the direction of the tube A-B. 
Two centimetre thick layer of moist soil was put in the four limbs around the egg -pod 
and the tube placed horizontally. Muslin was tied at the free ends of the tubes. 
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Hatching started on the same day at 13 hours and by 18 hours the hoppers 
had worked their way through the soil into the different limbs of the tube as follows :~ 
Limb A . . . ... . . . , 6 hoppers, 

j, B . . . . . . . . . , 4 hoppers. 

,» C , . . . . . . . . . 7 hoppers. 

D . . . , . . . . . ,3 hoppers. 

This experiment shows that if an egg-pod is placed in the soil in such a way that 
the pressure of soil on all sides is the same, then the larvae after hatching may take 
any direction. 

It has been seen that sometimes eggs are laid in vertical clay-cliffs, locally 
known as hhundars, and these burrows being almost at right angles to the surface 
of the cliff are horizontal in position. In such cases the larvae work their way hor- 
izontally and drop down at the foot of the cliff. The larvae hatching out from 
such a position have actually been observed. 

CoiiCLirsiON’S 

From these experiments we have arrived at the conclusion that light and 
gravity play no part in directing the outward movement of the emerging larvae 
from the soil. 

The vermiform larvae after hatching take the path of least resistance and this 
path, in nature, is provided by the frothy plug deposited at the upper end of the 
egg-pod. It is through this plug that the larvae work their way up. In other words 
the direction of the movement of the larvae is determined by pressure ; they move 
in the direction the pressure is least. 

StJMMAEY 

The existing idea that the movement of the larvae of locusts out of soil is de- 
termined by positive phototropism or negative geotropism of the larva is not 
correct, the direction of their movement is determined by pressure. ■ They move 
in the direction of least pressure, or in other words they follow the path of least 
resistance. 
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I. Introduction 

by M? W SW A rr“T^ “* <>? Mustry 

oy Mr. ,now bir) A. Howard and Mrs. Howard in 1925 The aims tbsv 

view^e given in their account of the first five years’ work of the InsMt nt^ ^ 

coun^^which wm ,» oulWiS onLrrrpL'r. 

At that time it was believed that the Maivi cron had sn FfoT-od a c • j x • 
ration as a result of TmVm» y^+h imn,->r+«^ ^ j suffered a serious deterio- 

trouble was taken to obtainLed from teoIatedT^^r consequently some 

» n„ol=» stock fot impr'rZi “ 

State wa. chosen ao such i»,lated tract Whilf 07"”, 
the Nimar tract, from the point of Sew of belongs to 

Malwa, and it grows a Maivi t^e of cotton S f?" f Wa-rs to belong to 
between xNemawar and neighSm^ tjL Tth: rl% f ? -“““--tion 
beheved that little seed exchange hal tak!n place It ^b ^ it was 

on an average about twenty-nta^ t 

W. a, on the litdianOenW OotbSImileSeerr"*,?' °n 

mid-January. ' third pickmg is often lost when frosts occur in 
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IL Material AND RESULTS 

A foundation stock was built up by single -plant selection of Malvi type plants, 
(1) in 1924-25 direct from cultivators’ fields in various villages up to about 
twenty miles from Indore, and (2) in 1925-26 from Institute fields sown with seed 
from Kannod. 

By progeny -row breeding a series of strains was established, and these were 
steadily reduced in number by selection both between and within strains until 
in 1932-33, five remained. Yield testing was ooDimenced in 1931-32, when a 
replicated, but not randomised trial was carried out with ten strains. In 1932-33, 
and 1933-34, the five remaining strains were tested against local in randomised 
block trials in various parts of Malwa, and as a result three more strains were 
discarded. In 1934-35 the remaining two strains w^ere tested throughout Malwa 
against local and such improved varieties from neighbouring provinces as appeared 
likely to do well under black soil conditions, and were proved to be greatly superior 
both to the local control and to all possible outside competitors. In 1934-35 
seed of one of the two final strains, Malvi 1 was distributed to member states in 
Malwa, and in 1935-36 seed of both strains, Malvi 1 and Malvi 9, was distributed. 
Further distribution will be of Malvi 9 only. Spinning tests were carried out by the 
Indian Central Cotton Committee’s Technological Laboratory on these two strains . 
with the local as control, in 1932-33, 1933-34, and 1934-35. Bata for commercial 
characters of Malvi 1, Malvi 9 and local (control) are summarised in Table I for 
the years 1932-33 to 1934-35, during which time all field trials were carried out in 
randomised replicated layouts. 

Table I 


Comumfcial charaders of Malvi 7, Malvi 9 and local 


Strain 

No. 

Halo 


Yield;^ 

Percent- 

age 

Spinning tests 

of, 

trials 

length 

(mm.) 

Ginning 
per cent 

(lbs. per 
acre) 

picked 

before 

frost 

, No.' 

of 

tests 

H.S.W.O. 

1932-33— 

Local 

4 

19*8 

28 *7 

484 

91*1 

3 

12-2 

Malvi 1 . 

, 4 

21*7 

29*3 

580 

93*7 

. 3 .... 

13 *3 

Malvi 9 . . 

4 

22-5 

32‘3 

654 

91*7 

3 


1933-34-- .. 

Local 

6 

'21 ^'3" 

29*6 

330 

86*6 

2 

11* 6 

Malvi 1 . . 

6 

' 22-9' 

31*0 

409 

91*6 

6 

12-2 
16 -8 

Malvi 9 . . 


23 2 

33*3 

413 

89 -6 

4 

1934.35— 

Local , 

7 

23*6 

28*5 

325 

63- 3 



Malvi 1 . 

7' ' 

23-9 

29-3 

332 

74*3 

*2 

14*0 

Malvi 9 . 

7 

24 ‘3 

31*9 

357 

65 1 

2 

20*0 

Mean increase over 
local— 

Malvi 1 . . 


1-3 

0*9 

60*7 

6*5 


0*9 

Malvi 9 , . 


, 1-8 

3-6 

61*7 


•• 

4*3 
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Inspection of Table I shows that both strains are better than the local control 
in all characters, and, in all characters except earliness and possibly yield, Malvi 9 
is better than Malvi i. The data are summarised from records of seventeen trials, 
in most of which the differences observed were significant, so that the differences 
in the means can be relied on as representing real differences between the strains. 
The increase in value to the cultivator, obtainable by substituting Malvi 9 for local 
may be estimated at about thrity-five per cent with no allowance for premium due 
to enhanced spuming value and about fifty per cent including premium for enhanced 
spinning value. ^ The fact that marked improvement has been obtained in all the 
major commercial ch^acters has led to a widespread and insistent demand for 
seed, and the difficulties usually experienced in distributing seed of a strain de- 
pendent for its superiority on receiving a premium for high spinning value are not 
being encoimtered. In addition, prominent representatives of the Indore and 
Bombay mill industries have urged its rapid spread as promising an improvement 
of first importance in the quality of the Malvi crop. As a plant-breeding proieet 
therefore, the work under discus.sion is abundantly justified by its results. 

The mterest of the selection records lies in the information they provide con- 
ceming the efficiency of the methods adopted. Two strains have been isolated 
which are mai-kedly superior to the local. Does this achievement represent the 
maxnnum possible exploitation of the material examined, or were there genetic 
potentialities in it which the methods adopted were not sufficiently selective to 

XwVCcl'X « 


III. METHOi»c«f 

Of the characters studied, vigour was given first importance throughout the 
period and the number of bolls per plant was ranked second. Of other yield char 
acters wmghtoOa/iu.per plant, and weight of lint per plant and "lint index 
were studied and selections based on them in some seasons. Earliness was esti- 
mated throughout by the date of opening of the first boll, and in some years bv the 

of tho tot flower or the date I, w.e eon Jcred oHee' 

m,»rtance thaa yield In general, only Urosefamffieswliich wereindgedintbe 
Mdae satetetorymngonr. yieldand earlinetewerocKTiedoaforetudy of lint 

characters in the laboratory. 

Of the Imt ch^acters studied, 'Teel” (fine or coarse) and ginning percentage were 
considerea together, as they were found to be to a large extent mutually exflusive 
and It was de^ed to combme as fax as possible a soft lint with a high ginning 
percentage. These two characters were ranked as of greater importanerS 
Imt length which was judged by maximum halo-length. ^ ^ ^ 

characters; bolls per plant, date^™btiSLjt?ferboU*dm-^°'^ 
halo-length, for the period 1927-28 (haJo-lenJth from 1926 27)'to 1^-34.^^’ 


STUDIES m PLANT BREEDING TECHNIQUE, I. 

In following the course of the strain means for yield and earliness from year to 
year, it is clear that other factors besides selection have influenced them largely. 
On bolls per plant the most important environmental influence is the incidence o 
late rains causing shedding, and it is clear from Tdlble II that the major fluctuations 
in boll number were due to this factor and not to selection. Late rains affect the 
date of flrsfc boll bursting similarly, and for fche same reason. Ginning percent- 
age figures run consistently. Halo-length means gave a large jump between 
1927-28 and 1928-29, and differed very little from each other in subsequent years. 

The effect of selection will be two-fold : first to isolate from among the founda- 
tion strains those which were superior from the beginning, and secondly, to improve 
the performance of the original strains by favouring their best components. (Lines 
6 and 7 in Tables II to V). The intensity of selection can be correspondingly 
divided into two parts, first the difference between the mean of strains selected for 
propagation in the next year and the mean of all strains and secondly the differ- 
ence between the mean of plants selected as parents and the mean of the 
selected strains to which they belong* (Lines 8 and 9 in Tables II to V), 


Table II 

Ntimher of bolls per plant hi Malvi selections 



i 

1927-28 1 

1928-29 

1929-30 

1930-31 

1931-32 

1932-33 

i 

1933-34 

1. Number of strains 

Means. 

2. All strains ex- 

38 

25 

15 

11 

8 

5 

5 

amined . 

10*4 

15*4 

19*3 

7*4 

10*3 

12*9 

8*3 

3. Selected strains . 

11-6 

17-5 

19*4 

7*3 

12-0 

12*9 


4. Selected plants . 
6. Mve final selected 

17-0 

21*6 

28*6 

11*0 

22*7 

16*9 


strains 

Increments over pre- 
vious year. 

6. All strains ex- 

13*8 

17*6 

20*6 

7*4 

’]2*0 

12*9 

8*3 

amined 

7. Selected strains 
over their own 

* • 

+5-0 

+3*9 

—11*9 

+2*9 

+ 2*6 

—4*6 

parents 

Selection differences. 
8. Selected strains 


+ 3*8 

+ 1*8 

—12*0 

+3*0 

+0*9 

—4*6 

from all strains 
9. Selected plants 
from selected 

+ 1*2 

+2*1 

+0*1 

—0*1 

-f 1*7 

0 

■ • ; ' ■ 

strains 

10 . Weather charac- 

+5*4 

+4*1 

-f9*2 

- +3*7 

+ 10*7 

+4*0 


teristics 

Late 

No late 1 

No late 

Serious 

Serious 

Late 

Late 


rains. 

rains. 

Slight 

frost. 

rains. 

Frost. 

late 

rains. 

late 

rains. 

rains. 

rains* 

Frost. 
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for number of bolls per plant (Table II) are so strongly influenc- 
ed by tue mcioence of late rains that no appreciable connection can be Iscovered 
between the selection intensities (lines 8 and 9) and the increments in the means 
m the followmg year (lines C and 7). That selection has been efiective howeyeT 
la shown by the fact that in four out of the five comparable years, the mean number 
of bolls per plant was greater for the five strains finaUy selected than for all straL 
—ed m the same years. It is clear that a group of strains with a higher mTan 
boll-number has been isolated, though it is not possible to sav whether these ^vZs 
have improved under the influence of selection. ^ 

Table in 



1927-28 

1928-29 

1929-3( 

) 1930-31 

V 

1931-32 

! 1932-33 

1933-34 

1. Nxmiber of strains 


24 

15 

11 

8 




Means, 


5 

5 

2, All strains ex- 








amined . 

3. Selected strains . 

> 

43- 6 

44- 0 
43-4 

20- 9 
20-6 

21- 4 

40-0 

55-0 

33-8 

29*3 

4. Selected plants . 

5. Five final selected 

1 22-4 

39-7 

38-6 

56-4 

52-6 

33-8 

32-5 


strains 

Increments over pre- 

22-9 

44-7 

21-6 

38-7 

55-4 

33-8 

29*3 

vioiis year. 








6. All strains ex- 








amined . 



— 22-7 

+ 19-1 




7. Selected strains 


• • 

+ 15-0 

—21-2 

' --4*5 

over their own 








parents . 

Selection differences. 


•• 

! —23-1 

+ 19-5 

+ 15*3 

—21 *'7 

—4-5 

8. Selected strains 








from all strains 

9 . Selected plants 

•• 

+0*4 

—0*4 

—0-3 

+0*4 

0 


from selected 
strains . 

10. Weather char- 


—0-0 

+0-9 

— M 

— 2-9 

—1*2 


acteristics 

Late 

rains. 

Very- 

heavy 

early 

ISTo 

late 

rains. 

Serious 

late 

rains. 

Serious 

late 

rains. 

Late 

rains. 

Late 

rains. 



and] 
August 
rains, i 
N’o late ■ 






1 


rains. | 







mi _ . ^ miu positive signs lateness. 

date of ™ 

even always in the rieht direction no ; a selection differences— not 

right drrection-no improvement could reasonably be expected. 
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Table IV 


Ginning 'percentage in Malvi selections 



1927-28 

1928-29 

1929-30 

1930-31 

1931-32 

1932-33 

1933-34 

1, Number of strains 

38 

25 

11 

10 

5 

5 

2 

Means. 

2. All strains ex- 
amined . 

24-6 

28-6 

29*0 

28*5 

31*0 

31*3 

32-3 

3. Selected strains . 

25*0 

28-9 

29*7 

30*8 

31*0 

31*0 


4. Selected plants 

26*4 

31*3 

29*0 

33*2 

33*4 

32*7 

• 


6. Five final selected 
strains 

28*4 

31*5 

32*3 

30*8 

31*0 

i 31*3 

.. 

Increments over pre- 
vious year, 

6. All strains ex- 
amined . 


+4*0 

+ 0*4 

—0*5 

.4-2*5 

+ 0*3 

-M*3 

7. Selected strains 
over their own 
parents . 


+ 3*6 

+ 0*1 

—1*2 

4-0*2 

4-0*3 

+ 1*3 

Selection differences . 
8, Selected strains 
from all strains 

-f 0*4 

+ 0*3. 

+0*7 

-j“2* 3 

0 

—-0*3 

9. Selected plants 
from selected 
Strains . 

+ 1*4 

-f2'4 

—0*7 

'4-2*4 

4-2*4 

+ 1*7 

•• 


The ginning percentage data (Table IV) show a steady year- by-year improve- 
ment which can safely be ascribed to selection. One anomaly is evident. The 
increment of 1928-29 (all strains) over 1927-28 (all strains) was whereas the 
total selection difference in 1927-28 is only 1*8. The increment is therefore con- 
siderably greater than can reasonably be ascribed to selection. Ax^art from this 
exception the yearly increments are roughly proportional to the total selection 
difference, and in 1930-31 there was a drop in mean ginning percentage (all strains) 
following a zero net selection difference in 1929-30. The five finally selected strains 
were in all four years superior to the mean of all strains, and within themselves 
they show no appreciable year-by-year improvement, indicating that most at least 
of the selective gain has been due to the isolation of strains superior to the average 
from the beginning, and pot to improyement ydthin strains. 
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Lint-Ungth in Malvi sdeciions (halo-lenglh i, 


in mm.,) 


1. ISTtimber of strains 

Means, 

2. All strains ex 

amined . 

8. Selected strains 

4 Selected plants 

Five final selected 
strains , 


1926-27 


1930-31 1931-32 i 1932-33 


1933-34 


20-0 


22-7 ; 


22*3 


23-1 


20‘1 


22-7 


22-3 


23-2 


23-3 


20*8 


22-7 


22-3 


23-1 


— 0-5 -fO-2 ^0‘2 j —0.4 


+0-8 


+ 0-8 


+ 0*1 


-f0*7 ■■*-f0-.9 4-0-5 


Increments over pre* 
vious year, 

6. All strains ex- 

amined . 

7. Selected strains 

over their own 
parents . 

Select^/On d/iifferences. 

8. Selected strains 

from all strains 

9. Selected plants 

from selected 
strains . ; 

V). 

changes in mean halo-length from ^ 1928-29 mentioned above, 

of any upward trend which could be ascriSTtrtb evidence 

not possible to ascribe the difference W selection. It is 

effect of selection, as it is much larger than th° ^ 928-29 means to the 

muen larger than the conresponding selection difference. 

TV. Discussion 

selection are disappointSy^^tll'^ShoST^^^ ascribed to the influence of 
been isolated. EnvironnfeLuitt^f ° feet 

effect on boll number. Im^ ovemr^^T"' " 

negUgible selection differences employed eveT7 expected with the 

been less extreme. ThehaIo-lengtbreLltearethl^''^r!!“®''*^^ fluctuations had 
though small, selection difference was maintaiilS Th s^ady, 

mfluences were not serious, but no minT- fl^cugbout, and environmental 
obtained. P ovement ascribable to selection y/ag 
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For the improvement of plant breeding technique it is most important to dis- 
cover whether the potentialities of the original material were fully exploited. If the 
original genetic variance was so low that the actual improvement obtained was the 
maximum possible, no improvements in technique would affect the achievements 
of selection. If, however, considerable genetic variance existed in the original 
population and remained undetected by the selection methods adopted, the 
improvement of breeding technique may be expected to make a corresponding 
improvement in the achievements of selection. 

In the 1934-35 season progeny-rows of the two finally selected strams, Malvi 
1 and Malvi 9, were laid out in two experiments in randomised plots replicated ten 
times, each plot consisting of a single row of five plants. From the data obtained 
from these experiments it was possible to estimate the genetic variance for various 
characters existing between progenies of two strains self-fertilised for eight genera- 
tions, Bata are given in Tables VI and VII, 



Tabl® TI 
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lyi, 111 


t> + 1!“ progenies of Main 1 were from sister plants of the 1933 34 mm 

Between them there were demonstrated significant differences in iotaTslZd 
gmning percentage, and node number. . 

InMalvi 9,ten progenies were grown from each of five different families 

«pSf L Ze?rf 

replicated ten times, each progeny contributing ten single-row plots of five 
stad.«i, e™ „oMmgy,go„, fe a, aa MZaTtlM? 

demrtraZforSaZl^rrdn’ZrmrM^f" ™” 

number 

for both the characters not infiuencedLtl^t? f variance remains 

pereenrug., m .Mob »l=cZZ Cn 

lor tb. two not 

ing in th! single p™Jt^e IS 9 f f "f ° 

ly in im’ss it » fadS” a.ZTr °® ““ f™‘- 

they sprang in 1932 A oommriso within tbe five plants from whicb 

within f«fib» .bows that a griat d»J wa.^r"Sf;eZT9ZS™ ^ 
presumably due to increasing homozvcrosis It is a>.„rtri^?i ’ 

w»alm.g, amount of genefevarian«.vZwe“S”tff 

selection was beinff practised Tf iirao 1 ^^+ t -x ^ characters on which 

more sensitive methods were adoptoii in IKfS ' MuehrfT 
families by increasing bomosygosia in tbe inZening 

to provide material for further selecfinr. ir. o,, i ^ sufficient remams 

centageinMalvil, the chaS « « P- 
and vigour in Malvi 9. successiully mfluenced by selection hitherto. 

The method of randomisation and replication nf T,T.ri,T 
measure, not only of the mean dirterfarmoc progeny row^s provides a 

to which these mereZTlZ ^ T 

choose the best strains for further propagaLTb^r 1 fT 
whether their superiority is due to to decide with confidence 

ness as . seleoZ nietb^i, 

VI and VII. If such potentialities for 'L^T • presented in Tables 

in material on whieb selection b„ ‘already b 'en '"'t 

„^^^toei.p,ottb.twitb„n»le^g^rZthe speeded 
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There remains for consideration the question, to v/hat is the improvement of 
the selected strains over the local due, if not to the selection method ? There 
appears little doubt that it must be ascribed to that indefinable judgment of unmea- 
sured characters, the necessity for which makes plant breeding as much an art as a 
science. It is to this plant-breeding sense that the great breeders of the past have 
owed their success. While it is hoped that this discussion makes it clear that 
greatly superior statistical weapons can now be placed in the breeder’s hands, it 
should be emphasised that no improvement in statistical methods, however 
great, can absolve the breeder from the trouble of learning his material. 
He must know his plants as he knows his own brother if he is to exercise that 
judgment which is — and will remain — the secret of his success. 

V. SUMIVIABY 

(1) The aims, methods, and achievements of selection in Malvi cotton are 
summarised. 

(2) Two strains superior to the local mixture in all characters have been isolated 
and are being distributed. 

(3) The methods and achievements of selection are analysed, and it is conclud- 
ed that on the whole the changes ascribable to selection have been disappointingly 
small in spite of the superiority of the finally selected strains. 

(4) Data from randomised, replicated progeny-row experiments on the select- 
ed strains are summarised and show clearly that the methods of selection adopted 
were not sufficiently critical to detect a large amount of genetic variance which 
was present in the material. 

(5) The advantages for selection work of replication and randomisation of 
progeny rows are pointed out. 

(6) The success achieved is ascribed primarily to the breeder’s judgment and 
not to the selection methods. The paramount importance of the breeder’s art is 
emphasised, and it is pointed out that no improvement in selection technique will 
free him from the need to gain that familiarity with his material which makes the 
successful exercise of his judgment possible. 
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lNTB.OI)T7CTir»K 

The importance which the question of plot size and shape bears in relation 
to field experiments with different crops has now been realised by all agricultural 
workers. It has now become more than necessary to standardize for several 
experimental crops grown under different conditions such as irrigated or rain-fed, 
a suitable plot size and shape for the experimental plot which will reduce the 
standard error of the experiment to a practical minimum. Field experiments 
in other countries planned on modern lines of field technique have shown that 
the plot size and shape do exercise a considerable influence on the standard error 
of the experiment and that a particular size or shape of an experimental plot 
is always reached for a particular crop on a particular soil when the distribution 
of plot yields (siilqected to the same treatment, other conditions of experiment 
remaining identical) can be ascribed to chance or chance alone. The question 
of economy in land and labour demands that the size of plot in the experiment 
should be as small as possible consistent with efficiency, and with a crop like 
sugarcane which is expensive to grow and occupies the land for a year, the need 
for fixing up a suitable plot size for experiments is acutely felt. 

With such aims before us, the cutting experiments with Go. 205 and Co, 213, 
detailed subsequently, were undertaken to find out the m ost suitable plot size and 
shape for sugarcane experiments under unirrigated conditions. Up till now no 
work on this line has been done in India with sugarcane which is now one of the 
most important economic crops in India. The importance of an investigation 
of this nature to agricultural experimenters can, therefore, hardly be over-em- 
p asised* 
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It is equally Important to recognise the need for a correct statistical tecIini(|U0 
for problems of this kind, particularly . as most of the agricultural farms in India 
are now making efforts to standardise the size and shape of their experimental 
plots. 

I. Tonnage experiments with Co. 205 in 1932 at Pusa 
Materials and methods. — A tonnage experiment on sugarcane, Go. 205, un- 
irrigated, was conducted in Harpiir Jhiili in 1932. Forty-two rows of cane with 
a space of three feet between rows were selected and cat by sections, each sec- 
tion being 30 ft. 3 in. long. Thus the yield figures of plot sizes 30 ft. 3 in. X 
3 ft, (i.e,, 1/480 acre each), numbering S40 such plots in all, were available for 
statistical analysis ; for convenience the data of yields of the first forty rows were 
also considered separately. 

Experimental results. — The yields of several plot sizes were combined in all 
possible ways, and the coefflcient of variation of each size was worked out {i.e., 
the percentage ratio of standard deviation to mean) (the details of the method 
have been explained in subsequent pages)* 

Table I 


Analysis of the data of tonnage experiments with Co, 206 sugarcane in 1932 


Plot size 

Area 

(acre) 

Mean 
yield 
per 
plot 
(in lbs.) 

S. D. 

Coef. of 
varia tioi 
/ S.D.xlOO 
\ mean 

^Relative 

precision 

correoted 

for 

number of 
replications 

1. (a) 30 ft. 3 in. X 3 ft., 
42 rows. 

1/480 

90-7 

31-65 

34-8 

100 

30 ft. 3 in. X 3 ft., 
40 rows. 

1/480 

92-65 

30-65 

32-9 

107 

II. (a) 30 ft. 3 in. X 6 ft., 
40 rows. 

1/240 

185' 3 

46-9 

25-3 

91 

30 ft. 3 in. X 6 ft., 
42 rows. 

1/240 

181-4 

47*4 

26-1 

89 

(b) 60 ft. 6 in. X 3 ft., 
42 rows. 

1/240 

181*4 

53-9 

29-7 

69 

60 ft. 6 in. X 3 ft., 
40 rows. 

1/240 

185-3 

51-8 

28-0 

.74 

III. (a) 60 ft. 6 in. X 6 ft., 
40 rows. 

1/120 

370-6 

83-2 

22-5 

58 

60 ft. 6 in. X 6 ft., 
42 rows. 

1/120 

362-8 

89-6 

24-7 

49 

(5) 121 ft. X 3 ft., 42 rows 

1/120 

362-8 

92-4 

25-5 

47 

121 ft. X 3 ft., 40 rows 

1/120 

370-6 

85-26 

23-0 

55 

(c) 30 ft, 3 in. X 12 ft., 
40 rows. 

1/120 

370-6 

72-2 

19-5 

. 76 


^Fot the method of calculation of this column, see pages 700-70J. 
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Table l—coHd. 


Plot size 

Area 

acre) 

Mean 
yield 
per 
plot 
(in lbs.) 

S. D. 

Coef. of 
variation 
/ S.P.xlOOx 
' Biean" / 

*Eelative 

precision 

corrected 

for 

number of 
replications 

IV. (a) 60 ft. 6 in. X 9 ft., 
42 rows. 

1/80 

544-2 

124-81 

22-9 

37 

V, (a) 121 ft. X 6 ft., 40 rows 

1/60 

741-2 

145-2 

19-6 

38 

121 ft. X 6 ft., 42 rows 

1/60 

725-6 

167-2 

23-0 

29 

(6) 60 ft. 6 in. x 12 ft,, 

40 rows. 

1/60 

741-2 

140-2 

19-0 

40 

(c) 30 ft. 3 in. X 24 ft., 
40 rows. 

1/60 

741-2 

130-8 

17*6 

47 

VI. (a) 60 ft. 6 in. x 18 ft., 
42 rows. 

1/40 

1088-4 

210*54 

19*3 

24 

(h) 121 ft. X 9 ft., 42 rows 

1/40 

1088-4 

220-2 

20*2 

25 

VII. (a) 60 ft. 6 in. x 24 ft., 
40 rows. 

1/30 

1482*4 

279-5 

18-85 

22 

(6) 121 ft. X 12 ft,, 40 rows 

1/30 

1482-4 

236-96 

16-0 

28 

VIII. (a) 121 ft. X 18 ft., 42 rows 

1/20 

2176*4 

382-32 

17*6 

16 

IX. (a) 151 ft 3 in. x 18 ft., 
40 rows. 

1/16 

2779-5 

502*4 

18-1 

13 

(6) 302 ft. 6 in. X 9 ft., 
40 rows. 

1/16 

2779*5 

501*06 

18-0 

i 

13 


The plot size giving the miniinntn coefficient of variation was considered 
to be a suitable size for an experimental plot. 


The plot size with a minimum coefficient of variation in this case was found 
to be between 1/30 and 1/20 acre with dimensions 121 ft. X 12 ft. and 121ft, X 
18ft. respectively. The results also showed generally that as the shape of the 
plot got narrower, the coefficient of variation gradually diminivShed. 

The chief defect of the experiment was found, however, to bo that the soil 
variation between plot and plot or row and row was highly marked, as Table I 
of the coefficient of variation for different plot sizes, and of rapidly decreasing 
efficiency corrected for the number of replications, clearly shows. The coeiu- 
cient of variation, however, went down from thirty -five per cent to sixteen per 
cent as the plot size increased, but in no case was it less than sixteen per cent 
which itself was indeed a very high figure with a corresponding precision of 
twenty-eight per cent. It was therefore decided that the experiment should be 
repeated next year, but with a more popular variety of cane Co. 213, on soils of 
fairly uniform fertility. 


I 
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II. Tonnage ezpenments with Go. 213 in 1933 at Meghaul (Monghyr) 

Co. 213 is recognised as the standard cane of the white sugar tract and re - 
presents probably the most generally grown cane crushed in sugar factories on 
the tract. All important cane experiments conducted at Pusa are laid down 
under this Tariety or Co. 210 and it was therefore felt advisable to conduct this 
experiment with Co. 213. 

General description and- history of Go. 213 

Detailed description and history of Co. 213 have been given by Venkatraman 
and Vittal Kao [1928]. 

This cane, which has attained such universal success in North India was 
bred by Dr. C. A. Barber at Coimbatore and was first sent by him to Pusa in 
1918-19 together with a lot of other seedlings. It was tested here in small plots 
for two years and then selected together with Co. 210 and Co. 214 for the first 
mill trial by the Secretary, Sugar Bureau, Pusa in December, 1922 [Sayer, 1923]. 
The test was conducted at Kyam, one of the sugar factories of Messrs. Begg 
Sutherland & Co. near Darbhanga by kind courtesy of the firm. 


Table II 

Chemical analysis of the first mill f nice 


Date of crushing 

Variety 

Brix 

Sucrose 

i 

Purity 

27th December 1922 

• 

Co. 213 

1 

17-63 

1 

14*52 

82*86 


The fibre contents in Co. 213 and Co. 210 were found to be 18*84 and 15*66 
per cent respectively lower than Co. 214. The poor sucrose percentage of Co. 
213 in December is accounted for by the fact that it is a late-ripening cane, 
reaching its maximum at the end of January. The following analysis of juice 
was given by the Imperial Agricultural Chemist, Pusa, in 1933 ; — 

Table III 

Chemiml analysis of Co. 213 in January 1933 


Variety 


Date of 
analysis 


21st Jan. 
1933 


Average 
weight 
of cane 
iiilb. 


In juice 


Juice 


Sucrose 


Purity 


Per cent Per cent 
63*43 17-39 


Per cent 
S6-83 



Co. 213 


1*68 


23 
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Having proved its high value in the ‘mill trial and having displayed a re- 
markable tonnage capacity and excellent agricultural habit on an estate scale^ 
its cultivation was extended over a larger area in 1922-23 by the Secretary, Sugar 
Bureau, in order to supply seed to cane growers of the Province. The cane is 
now cultivated in all provinces of Korth India; it occupies the first place as 
regards area under cultivation, in Bihar, Bengal and the CJnited Provinces. It 
is also grown on a fairly large area in the Punjab, Madras, Bombay and Assam. 
The average tonnage of this cane on the Pusa Farm has been about 600 maunds 
{22*0 tons) per acre. 

Materials and methods 

The experiment was conducted at Megbaiil, District Monghyr, on a six acre 
plot of Co. 213 cane very kindly made available for the purpose by Mr. C. Atkins, 
Manager, Dowlatpore Agricultural Concern, without whose valuable assistance 
it would have been impossible to conduct the experiment. 

The land was under a regular sugarcane rotation in previous years; cul- 
tural methods, manuring and other operations were uniform all over the area. 
The soil throughout the field was a good class of cane loam — a typical smnbL 
The field was planted on the 12th February, 1932 ; the setts were planted eye 
to eye in rows three feet apart with six feet of the ends doubled. Manuring was 
done at the rate of 400 maunds (14.7 tons) farmyard manure per acre which 
was purchased at the rate of one aima per maund locally. The operation of 
earthing up the rows was duplicated, once before and once after the break of 
monsoon. The cane was not irrigated, and the record of rainfall for the year of its 
growth is given below:— 




Inches 

1st January to 31st May . 

. 

.... Nil 

June # i 

. 

5*49 

July n • 

. 

4*49 

August • . . . 

. 

9*18 

September 

. 

. 6*34 

October * • . . 

. 

0*99 

November * 


3*66 



Total . 29-16 

Average annual rainfall # 

, ■ 

■ - ■■ * * 47 ' . 


The crop presented a very uniform growth and there was \^ery little lodging, 

.The cutting of the canes was started on the 12th Februar^^-, 1933 . Before 
the commencement of the experiment, a passage of fifteen feet wide had been 
through the field to facilitate inspection. The crop was thus located in tvo 
blocks (Blocks I and II) separated by a temporary road. These blocks were 



Plan of Co. 213 sugarcane field at Meghaul, Monghyr, showing lay-out of the cutting experiment 
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trimmed on all sides by removing the border crop ranging from nine to thirty 
feet in width and shaped into tv/o perfect rectangular blocks. The blocks then 
measured 480 ft. x315 ft. (three acres and a half) and 480 ft. X93 ft. (one acre) 
as shown in the plan (Plate XLI). 

After the removal of the border crop, each row measured 480 feet in length 
and there were 136 such rows, each three feet apart, running east to west in an 
entire area of four acres and a half. The next step w^as to divide each row into 
eight e(|nal sections ; the ultimate plot obtained in this way consisted of one 
row a-piece, and this time it was 60 ft,X 3 ft. =1/242 acre. These plots were cut, 
stripped and weighed separately guarding against all possible sources of error. 
The total number of weighings carried out in this way was 1 ,088, and it took sixteen 
days to finish the entire work. The weight of canes from each plot was originally 
recorded in pounds on two platform weighing machines which proved very useful 
for the purpose. Appendix gives the yields in pounds of the cuttings in several 
rows. 

The crop cut out at an average weight of 1,000 maunds (36*7 tons) per acre, 
thus proving that such tonnages can be obtained in a year of short rainfall with 
proper manuring and soil management without any irrigation. It may also be 
noted that no artificials of any kind were applied to the crop. 

Statistical methods adopted and eesults 

Instead of dealing with the entire field,.four sub-blQckvS of thirty rows each, 
as shown below, were taken out for the purpose of this statistical study 


Sub-block I (Block I) . 

• • • 

Eowh 

1—30 

,, II ( j> ) • • 

• ^ 0 

. 31—60 

,, III ( . • 

• ♦ • 

. 61-90 

(The other rows 15 in number were 

omitted.) 


Sub-block IV (Block II) . 

• , • 

. 106-135 


(The last row was omitted.) 


The omission of the rows was with the object of seciiriug compact blocks of | 

thirty rows each. ^ ^ ^ ^ ^ ^ ^ ^ 

The soil variation in this experiment was found much less marked than in 
the case of the experiment last year, as the coefficient of variation had in no 
case exceeded 10*4 per cent. Though we could possibly have all combinations 
of plot sizes varying from 1/242 acre to 120/242 acre, the plot sizes beyond 16/242 
acre were omitted as the frequency was small. We are thus left for each sub- 
block with thirteen different plot sizes as shown in Tables IV-VIT ; the plot sizes I 

with frequencies of multiples of live alone being considered for reasors explained 
in page 696, I 

...23a 1 

,■ "■ , I 
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i 

i 

Table IY 


AwHysM of data of tonmge experimeiits with Qo. 213 sugarcane in 1933 


Cuts X 
rows 

Plot 

dimensions 

Batio of 
length 
to 

width 

Plot 

acreage 

Total 
1 ^ 0 . of 
plots 

Mean 
yield 
in lb. 
per plot 

S. D. 
(after 
elimina- 
tion of 
soil 

variance ) 



V«Coef. 

Var. 

d. D.:<W$ 

1 1 Mean 7 

S.E* of 

1 

1x1 

60 ffc.x 3 ft. 

20 

1/242 

240 

840*8 

31*4 

9*2 

0-4234 

1x2 

60ft.X 6 ft. 

10 

2/242 

120 

681*6 

41*2 

6*0 

0-8926 

2x1 

120 ffc.x 9ft. 

40 

2/242 

120 

681*6 

46*6 

6*7 

0*4854 

1x3 

60 ffc.x 9ffc. 

6*7 

3/242 

80 

1,022*4 

61*4 

6*0 

0*4760 

4x1 

240 ffc.x 3 ft. 

80 

4/242 

60 

1,363*2 

71*0 

5*2 

0*4760 

2x2 

120 ft. X Oft. 

20 

4/242 

60 

1,363*2 

81*64 

6*0 

= 0-5497 

1X6 

60 ft. X 18 ft. 

3-8 

6/242 

40 

2,044*8 

100*9 

4*9 

0*6491 

2X3 

120ffc,X 9ffc. 

13-3 

6/242 

40 

2,044*8 

98*6 

4-8 

0*6378 

8x1 

480 ft. X 3 ft. 

160 

8/242 

30 

2,726*4 

104*7 

8*8 

0-4914 

4X2 

240 ft. X 6 ft. 

40 

8/242 

30 

2,726*4 

129*6 

4-7 

0-6082 

4X3 

240 ft. X 9 ft. 

26-7 

12/242 

20 

4,089*6 

178-3 

4*4 

0*6971 

2x6 

120 ft. X 18 ft. 

6-7 

12/242 

20 

4,089*6 

179*6 

4*4 

0*6971 

8X2 

480ft.X 6fb. 

80 1 

16/242 

16 

6,462*8 

212*8 

3*9 

0-7181 


Table V 


Aiialyais of data of tonnage experiments with Co. 213 sugarcane in 1933 
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Aiujlysis of data of tonnage experiments with Co, 213 sugarcane in 1933 


Sub- 

block 

No. 

Cuts X 
rows 

Plot 

dimensions 

Ratio of 
length 
to 

width 

Plot, 

acreage 

Total 
No. of 
plots 

Mean 
yield 
in lb, 
per plot 

S.B. 
(after 
elimina- 
tion of 
soil 

variance) 

V=*Coef. 

Var. 

4 I), X :od\, 

S. E. of 
V. 

\ Mean / 

Ill 

1x1 

60 ft.x 3 ft. 

20 

1/242 

240 

880 ’2 

: 81*46 

9*6 

0*4876 

1 

t 1x2 

eoft.x 6 ft. 

10 

2/242 

120 

660-4 

47*74 

. 7*2 

0*4671 


2X1 

120 ft. X 3 ft. 

40 

2/242 

120 

I 660-4 

! 48*74 

7*4 

0*4808 


1X3 

eoft.x 9 ft. 

6-7 

8/242 

80 

990*6 

63-25 

6*4 

0*6081 


4X1 

240 ft. X 3 ft. 

80 

4/242 

60 

1,320-8 

81*39 

6*2 

0*6682 


2x2 

120 ft. X 6 ft. 

20 

4/242 

60 

1,320-8 

80*37 

6*1 

0*6690 


1X6 

60 ft. X 18 ft. 

3*3 

6/242 

40 

1,981*2 

86*99 

4*4 

0*4929 


2x3 

120 ft. X Oft. 

13-3 

6/242 

40 

1,981*2 

107*85 1 

6*4 

0*6056 


8X1 

480 ft. X 3 ft. 

160 

8/242 

30 

2,641*6 

130*54 

4*9 

0*6842 


4x2 

240 ft. X 6 ft. 

40 

8/242 

80 

2,641*6 

136*65 

6*2 

0*6782 


' 4X3 

240 ft. X 9 ft. 

26*7 

12/242 

20 

8,962*4 

199*86 

6*0 

0*7924 


2X6 

120 ft. X 18 ft. 

6-7 

12/242 

20 

8,962*4 

147*47 

8-7 

0*5868 


8x2 

480 ft. X 6 ft. 

80 

16/242 

15 

5,283*2 

247*27 

4*7 

0*8600 


Table VII 


Analysis of data of tonnage e.tperirnents with Co. 213 sugarcane in 1933 


Sub- 

block 

No. 

Cuts X 
rows 

Plot 

dimensions 

Ratio of 
length 
to 

width 

Plot 

acreage 

Total 
No. of 
plots 

Mean 
yield 
in lb. 
per plot 

S. D. 
(after 
elimina- 
tion of 
soil 

variance) 

V«=Coef. 

Var. 

fe. 0.xioo\ 

S.B.of 

V, 

\ Mean / 

IV 

1x1 

60ft.x 3 ft. 

20 

1/242 

240 

295*0 

27*6 

9*4 

0-4376 


1X2 

eoft.x 6ft. 

10 

2/242 

120 

590*0 

49*6 

8*4 

0*4671 


2X1 

120 ft. X 3 ft. 

40 

2/242 

120 

690*0 

41*1 

7*0 

0*4803 


1x3 

60 ft.X 9 ft. 

6*7 

3/242 

80 

885*0 

76* 4 

8*6 

0*6081 


4x1 

240 ft. X 3 ft. 

80 

4/242 

60 

1,180*0 

62*5 

6*3 

0*5682 


2x2 

120 ft. X 6 ft. 

20 

4/242 

60 

1,180*0 

123-2 

10-4 

0*6690 


1X6 

eoft.x 18 ft. 

3*3 

6/242 

40 

1,770*0 

160*4 

9*1 

1 0*4929 


2x8 

120 ft. X Oft. 

13*3 

6/242 

40 

1,770-0 

117*8 

6*7 

1 0*6066 


8x1 

480 ft. X 3 ft. 

160 

8/242 

30 

2,360-0 

104*5 

1 

4*4 

0*6342 


4x2 

240 ft. X 6 ft. 

40 

8/242 

80 

2,360-0 

102*4 

4*3 

0*6732 


4X3 

240 ft. X 9 ft. 

26*7 

12/242 

20 


195*8 

6*5 

0*7924 


2X6 

120 ft. X 18 ft. 

6*7 

12/242 

20 

3,540-0 

275*1 

7-8 

0*6858 


8x2 

480 ft. X 6 ft. 

■■ 

16/242 

16 

1 4,420*0 

174-0 

3*9 

C-8600 
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Differences in yields in different sub-bx.ocks 
The distributions of yields of diiferent plot-sizes in all the four sub-blocks 
were found generally to be normal. The exact distributions, and the validity 
of “Fisher’s 2 :-test as applied to these data are being tested (in a separate paper 
to follow). A large number of possible arrangements are taken and tested for 
agreement between the actual and theoretical values. In the present case, both 
the mean yields and the coefficients of variation were in all cases found to be 
very high as compared to their respective standard errors, showing a high degree 
of accuracy for these statistical coefficients. Comparing the mean yields of 
plots in the several sub-blocks, it is seen from the tables that the mean yield 
remains almost the same in the first three sub-blocks, while sub-block IV is found 
significantly inferior in fertility to the other sub-blocks. The analysis of variance 
of yields for the plot size 120 ft. x 18 ft. = 12/242 acre for the several sub- 
blocks is given in Tables VIII (n, b, c). 


Table VIII {a) 

Analysis of variance of the yields of sub-blochs (/ to III) for plot size 120 ft. x 18 fU 

^ 12j242 acre 


! Variance due to 

It 

Degrees 

of 

freedom 

Sum 

of 

squares 

Mean 

square 

‘ z ’ 

1 Between blocks 

, Within blocks . 

! 

!, 

1 Total 

1 , 

2 

57 

137, S80 
1,644,123 

68,790 

28,844 

0*4347 

Less than 5 per cent 
value of ‘ ’ and 
hence not significant. 

59 

1,781,703 


’ll TABMVn.I{6) 

11 '; 

i A'rmlysis of variance of the yields of snhMocIcs (J to IV) for plot ske 120 ft. X 18 ft. 

I'l! 121242 acre 

! ii • ■ 

1 !< 

Irli; ^ ■ 

ii Variance due to 

1 1 _ 

Degrees 

of 

freedom 

Sum 

of 

squares 

Mean 

square 


; Between blocks . 

Within blocks . 

S'l 

Total 

ijlll 

3 

76 

3,894,082 
3,641,003 I 

1,298,027 

47,921 

1.6496'. 

Greater than on© per 
cent value ' of ' z ’ 
and hence, . highly 
significant. 

79 

7,535,085 ; 


* In the case of plots whose number in each sub-block is less than 20, the exact 
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Table VIII (c) 


Mea7i ijields of sub-blocks in lbs. 


Sub-blocks 

I 

II 

III 

IV 

S. E. of 
mean of 
20 plots 

Critical 
difference 
(5 per cent 
level) 

Mean yields . 

4,090 

4,063 

3,962 

3540 

48-95 

137-74 


ri = n = III > IV). 


In tlie case of the first three sub-blocks, ' s ’-test shows no significant differ- 
ence in yields between ‘ blocks and ^ within blocks ’ for this particular plot size, 
while by combining all the four sub-blocks, the variance due to ‘ blocks ’ is found 
to give a significant difference from that due to ^ within blocks Comparisons 
between sub-blocks on the basis of ^ t ’-test bring out no significant difference be- 
tween the first three sub-blocks and a significant difference between either of 
them and the fourth sub-block. It is, therefore, considered necessary to treat the 
fourth sub-block as distinct from the other sub-blocks, for the purpose of this 
study. 

Soil variation in tbe several sub-blocks 

To examine the differences in plot yields in the individual sub-blocks, percent- 
age deviations of yields for the plot-size 1 cut x 3 rows (= 3/242 acre) from the 
mean yield of the sub-block have been calculated, and are given in Table IX 
Plots with positive and negative deviations exceeding ten per cent (i.e., patchy 
areas) are shown in block type. In sub-block I, of the eighty plots there are only 
eight patchy plots, three of which occur in the first row and four in the fifth column. 
In sub- block II the number of patchy areas is almost the same? but it seems more 
homogeneous than the first sub-block. Sub-block III contains a slightly larger 
number of patchy areas than the first two sub-blocks. Sub-block IV is marked by 
an appreciable number of patches with the fifth and sixth columns containing 
a large number of high-pelding plots. Analysis of variance between cuts and 
rows for the several sub-blocks is given in the Table X. It is interesting to see 
that in all the sub-blocks there is no significant difference in variation between 
‘ cuts ’ and ‘rows But in sub-block I, the variations in cuts and rows are both 
significant, in sub-block II there is a significant variation in rows only, in sub-block 
III the variations in both cuts and rows are not significant, and in sub-block IV 
both the cuts and rows have significant variations. Besides, the figures of percent- 
age variations in the plot-yields indicate no systematic change in fertility in the 
several sub-blocks, nor could any comxietition between the plots be detected. Any 
plan of lay-out under conditions of fertility in any of these suh-hlooks should 
therefore take into account the trend of variation indicated above. 










^ I 
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Variance due to 

Degrees 

of 

i ' 

Sum 

of 

Mean 

square 

‘j? V 


freedom 

squares 



Svh-Uoch I 


Cuts 

Bows 

Error 


• . • 

7 

4,046 

578*0 

. 

9 

1,922 

213*6 

• 

63 

4,884 

75*5 

Total 

79 

10,852 



(1) 1*017 Cuts and 
error. 

(2) 0*520 Bows and 
error. 


Variations in ‘ Cats ’ and ‘ Rows ’ are both significant as comi^ared to error. 


Sun-block II 


Cuts 

7 

426 

60-9 

1 Bows 

9 

1,162 

129*1 

^ Error 

63 

2,134 

33*87 

i Total 

79 

3,722 : 



(1) 0*2933 Cuts and 
error. 

(2) 0*6690 Rows and 

error. 


Variation in ‘ Cuts ’ is not significant as compared to error. Variation in 
‘ Rows ’ is significant. 


Sub-block HI 


Cuts . . 

7 

182 

26*0 

Rows 

9 

553 

61*4 

Error . 

63 ' 

2,261 

35*6 

Total 

79 

2,996 



(1) 0*3143 Cuts and 
error. 

(2) 0*2725 Rows and 
error. 


Variation in * Cuts’ and ^ Rows' are both not significant. 


Subblock IV 


■Cuts'"' ' . 

' ' 

1,339 

191-3 

(1) 1-0441 Cuts and 

Rows 

9 

962 

106*9 

error. 

(2) 0-7633 Rows and 

Error 

63 

1,494 

23*7 

error. 

Total 

79 

3,796 



Variation in * Cuts V an 

d * Eows ’ 

are both significant. 



U 
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Explmialion of Tables IV -VI I 

Tables IV to VII are sufSeiently self-explanatory. The standard de7iation for 
each plot size in each sub-block is worked out by Fisher’s analysis of variance after 
elimirjation of ^division variance {i.e., variance due to soil heterogeneity) on the 
assumption of five plots in each division. This assumption is made with a view to 
eliminate soil variance, while the same number of plots for every arrangement 
of plot size will ensure the same number of treatments in each block, in this case 
assumed to be five. For convenience, the case of plot sizes whose number in each 
sub-block is a multiple of five, alone has been considered. The arrangement of 
plots in each sub-block is in all cases rectangular. The method of analysis for 
working out the standard deviation is illustrated below : — 

Sub -block I 


Plot size 120 ft. 

X 18 ft. 

= 12/242 

acre. 


Variance due to 

D.F. 

Sum 

of 

squares 

Mean 

Square 

4 log 
(M. S 

z 

Between divisions 

Within divisions 

3 

16 

377324*1 
516098*0 1 

125774*7 

32256*1 

5*8712 

5*1907 

0-6806 

Total 

19 

893422*1 





Five per cent z (for % = 3 and == 16) = 0*5876 
* t ' — ^test in this case shows a significant difference between ‘ divisions ’ and 
‘within divisions’. Standard deviation per plot is the square root of 32256*1 

/.e. 1.79 "6. On this basis, the coefficient of variation (i.e, is then 

calculated. The standard error of the coefficient of variation has been oalcuiated 
on the basis of the w’ell-knowii formula : — 

S. E. of C. V. = In 
where F is the coefficient of variation. 

Table XI shows that by increasing the width or length of the plot the cooificient 
of variation rapidty goes down. Taking sub-blocks I — the series giving low 
coefficients of variation are 2 rows X 8 cuts, 3 rows X 4 cuts and 6 rowsX 2 
cuts ; and the averages for sub-blocks I—IV, also give the same plot-sizes. But 
since the plot should have a sufficient number of rows to allow for border effect 
and convenience of cultivation, of the various plot-sizes, 6 rows X 2 cuts (i.e., 
12/242 acre) seems desirable. 


*In this paper, * division ’ is used in the sense of common usage ‘ block % not to 
jponfound with ‘ block ’ and * sub-block ’ already used in the paper, 
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Table XI 


Average coefficient of variation for different plot-sizes and shapes 


Length of cut (60 ft.) 

Bows (between row to row 3 feet) 

1 ' 

2 

1 

1 ^ 

i 

6 

■ 






1 

(1) Sub-blocks L 

-III 




1 






9*0 


6*4 


5*8 

4*5 

2 

« 





6*7 


6*6 


4*9 

3*9 

4 






6*5 


4-6 


4*1 


8 

• 

• 

• 

• 

• 

4*3 


3-7 










(2) Sub-hloi 

dcs I- 

-IF 


1 


1 






9*1 


6*9 

1 

6*5 

5*7 

2 

• 





6*8 


6*8 

[ 

5*4 

4*9 

4 






5*4 


4’6 


4*5 


8 

• 

- 

• 

• 

• 

4-3 1 

1 

1 

3*8 I 



I 


Table XII 


Average coefficient of variation from several sub-blocks for different plot-sizes 


Plot size (acreage) 

Sub -blocks 

Sub-blocks 


I— III 

I— I V 

1/242 

9*0 

9*1 

2/242 ......... 

6-4 

6*9 


6*7 

6*8 

3/242 

5-8 

6*5 

4/242 . . . ... 

5*5 

5‘4 


5-6 

6*8 

6/242 . . .... 

4*5 

5*7 


4*9 

5*4 

8/242 . 

4-3 

4*3 


4-6 

4*6 

12/242 . . . . . . . 

41 

4*5 


3*9 

4*9 

16/242 

3*7 

3*8 


Table XII and Fig. 1 emphasise the same point that the cofficient of varia* 
tion diminishes gradually till a plot-size 12/242 to 16/242 of an acre is reached. 
This decrease in the coefficient of variation with increased size of plots is (jonsistent 
with observations on other crops in other countries. The average coefficient oi 
variation for the size 16/242 acre is 3*7 for the first three sub-blocks, and 3*8 for 
all the four sub-blocks taken together, and for the size 12/242 of an acre the averages 
are 3*9 and 4*5 respectively. In the same graph, theoretical coefficients of varia- 

24 a 
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tioH for diflerent plot-sizes are also shown, and it is clear that the reduction in the 
acfcaal coejfB.eient of variation as plot-size increases is found less than that based on 
theoretical considerations. This indicates the existeTice of a correlation between 
the plots, and this point is examined in a subsequent para. 



Fig. 1 (vide Table XII). The relation between coefBcient of variation and 
size of plot. 


(Stray points indicate diSerent shapes for the same size,) 
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ChAKC4ES IK THE OOEEEICIEKT O0‘ VAEIATIOK AS BLOT SHAPE 0HAKQBS 

Table Xin and Fig. 2 indicate how the coefficient of variation changes 
as the shape changes i.e., as the ratio of length to width of the plot increases. 


i 



. . Rotio of Length to wfdlh. 

f 


Pi(g. 2 (vide Table XIII). The relation between coefficient of variation and 
ratio of length to width of plot. 

(Stray points indicate smaller sizes for the same shape.) 




It is interesting to .see that in the several sub-blocks, the coefficient of variation 
increases till the ratio 10 is reached ; then it shows a definite decline between the 
ratios 10 to 20 and thereafter has a fall, though not markedly, beyond 
ratio 20. The peaks at the ratios 10 and 20 in the graph are associated with 
very small plot-shses. Excluding these two peaks, the smallest values centre 
round the ratios 6*7, 26 -7 and 80. Leaving out of account the ratios 26 ‘7 and 80 
for the very good reason that the number of rows to be dealt with in such cases 
is very small — ^too small for making due allowance for border effect — the experi- 
mental plots, the ratio of whose length to width is about 7 : 1, seem to give low 
coefficient of variation, as compared to plots with lower ratios. The plot-size 
corresponding to tliis ratio is 12/242 of an acre. This emphasise.s the need for a 
long narrow experimental plot for sugarcane of about 12/242 of an acre in area. 
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Table XIII 


Coefficient off variation for different plot shapes 


Batio of length to width 

Sub- 

block 

I 

Sub- 

block 

II 

^ Sub- 
block 
III 

Sub- 

block 

IV 

Average 
for sub- 
blocks 
I— III 

Average 
for sub- 
blocks 
I— IV 

3-3 (6/242 aore ) 

4-9 

4*2 

4.4 

9*1 

4*5 

5..T 

6-7 (3/242 . 

6-0 

5-0 

6.4 

8-6 

5*8 

g. 5 

6-7 (12/242 ,, ) 

4*4 

3-5 

3.7 

7*8 

3.9 

4 ‘,9 

10-0 (2/242 „ ) 

6-0 

5*9 

7.2 

8*4 

6.4 

6*9 

13-3 (6/242 ) 

• 4*8 

4-5 

5-4 

6*7 

4*9 1 

5* 4 

20-0 (1/242 „ ) 

9*2 

8-4 i 

9-5 

9*4 

9*0 

9**1 

20-0(4/242 „ ) 

6-0 

4*7 

6-1 

10*4 

5*6 

6*8 

26-7(12/242 ,, ) 

4*4 

' 2*9 

5*0 

5*5 

4*1 

4* # 

40-0(2/242 „ ) . 

6*7 

6*1 

7*4 

7*0 

6*7 

6*8 

40-0(8/242 „ ) 

4*7 

3*9 

5*2 

4*3 

46 

4*9 

80-0(4/242 „ ) . 

5-2 

5*0 

6*2 

5*3 

5*5 

5*4 

80-0 (16/242 ,, ) 

3*9 

2*5 

4*7 

3*9 

3*7 

3*8 

160-0(8/242 „ ) 

3*8 

4*1 

4*9 

4*4 

4*3 

4*3 


Table XIV 


Variances for plots varying in size and shape 


Rows 


Length of cut 60 ft. 

1 

1- ■ - 

3 

6 

1 

2 . .... 

4 . . . . . 

8 . . . . 

Average of 8‘ 
932 
2,021 
5,449 
13,415 j 

uh‘hlocks I — I. 
1,863 
5,738 
15,590 
41,682 

U 

3,463 

9,845 

28,390 

8,339 

24,230 

1 ■ .... 'a ,, . 

2 ..... 

4, . . 

8 . . . . ; 

\ 

Average of s 
^ 889 

1,963 
5,063 
12,792 

ub-blocJcs I — I 
2,012 , 
8,098 
14,314 
38,830 

V 

1 4,056 

' 10,853 

30,877 

j 12,680 

I 37,099 


Relative peecisioit of diffebent plot sizes asd shapes 

We have so far compared the different plot-sizes and shapes on the basis of 
their coefficient of variation, that is, on the basis of their standard deviations 
corrected for their means or for their plot-sizes. But the relative plot-precisionof 
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one plot size to another can be judged on the basis of their variances ; thus if one 
plot-size gives a variance A, and another a variance B, the relative precision of the 
first to the second is B /A. A plot size, however, has to satisfy other considerations, 
such as the number of replications possible with that size in an experimental field 
of a given extent. Modern methods of experimentation insist upon a sufficient 
number of replications and upon particular modes of arrangement. Eeplication 
in an experiment secures an error as low as possible and ensures a valid estimate 
of it. Therefore, in choosing one plot-size to another, our object should be to choose 
one with not only a lower variance, but one which would permit of proportionately 
larger number of replications in a field of a given extent. Thus, if the first size 
be n times the second with reference to a field of a given extent, the former can 

permit of only \ times the number of replications which the latter can admit, 
the relative precision of the first plot to the second (on the basis of variances A 
and B respectively) corrected for the number of replications will then be B^/A. 

Table XIV gives the average variances for different plot- sizes and Table XV 
their relative precision, assuming the precision of the smallest plot size to be 100, 

Table XV 


Relative precision of different plot-sizes corrected for replications 


Plot acreage 

Belative 

precision 

Blocks 

Belative 
precision 
Blocks I— IV 

1/242 (1 cut X Irow) . . . . . . 

100*0 

100*0 

2/242 (1 cut X 2 rows) ...... 

100-0 

88*4 

2/242 (2 cuts X 1 row) . 

92*2 

90*6 

3/242 (1 cut X 3 rows) . 

80*7 

65*8 

4/242 (4 cuts X 1 row) ... 

68*4 

70*2 

(2 cuts X 2 rows) . . . . . . 

65*0 

41*9 

6/242 (1 cut X 6 rows) . . . * 

67*1 

42*1 

(2 cuts X 3 rows) . . . . . 

58*9 

49*2 

8/242 (8 cuts X 1 row) . . . . . 

55*6 

56*6 

(4 cuts X 2 rows) . 

47*8 

50*0 

12/242 (2 cuts X Grows) . . 

46*1 

28*8 

(4 cuts X 3 rows) . . . . 

39*4 

34*6 

16/242 (8 cuts X 2 rows) . . . 

36*0 

36*7 


It is clear that on the above criterion of efficiency the smallest plot- size is the 
most desirable and that the relative precision decreases from 100 to 36 as the 
plot-size increases from 1 /242 of an acre to 16/242 of an acre. The fall in efficiency 
is marked till we reach 8/242 of an acre, and thereafter between 8/242 and 16/242 
of an acre the fall is not so rapid. Though the smallest plot-size available is the 
most efficient in view of a very large number of replications which it can permit, 



IINTDIAN JOUBNAL OF AGBIOULTUBAL SOIENOE 


[VI, III 


still from tbe point of view of cultivation and to take account of border effect an 
irreducible minimum number of rows in a plot seems necessary . 

Again between plots of the same size and different shapes, the differences in 
efficiency are not very marked, though generally speaking long narrow plots have, 
for all practical purposes given very good results. 

DrVISIOK VABIANCE TB TTSVAL liAHaUAGE BLOCK VABIANCE) VS> PLOT 

VABIAHCE 

We have seen from the present data that as plot-size increases, the coefficient 
of variation rapidly goes down. From general considerations, it is clear that 
with a very small plot-size, the variance between the plots is very small and that 
as the plot-size increases, the plot variance also increases owing to inclusion in each 
plot of differences in fertility obtaining in the field. Thus in any block arrangement, 
with small -sized plots, a larger portion of block variance is eliminated leaving 
a small plot variance, and with the increase in the size of plot beyond a certain 
stage, the elimination of block variance is not so effective, and the plot variance 
becomes large. If A be the block variance and B the plot variance, in fixing a 
suitable plot size we are seeking one after elimination of A giving as small a value 
as possible for B. In the case of a plot-size, where B>A significantly, the lay-out 
fails in eliminating effectively the block variance, and the plot-size in such a case 
should be reduced. When B is small and A appreciable enough, the lay-out may be 
considered satisfactory ; for in such a case while block-elimination is successful 
the plots wiif represent a random and sporadic variation in each block. An ideal 
lay-out is the one where the block-size should represent a sample of the general 
fertilityinthefield, and the plot-size a random variation giving a low standard 


In the present case, from Table XVI it is seen that as plot-size continuously 
increases, the block arrangement is successful in eliminating an appreciable portion 
of division variance. When the plot size is 1/242 acre, the percentage of the sum 
of squares due to divisions to total sum of squares is between twenty-eight and 
thirty-six per cent in the first three sub-blocks and sixty-four per cent in 
the fourth sub-block. As plot size increases the variance due to divisions con- 
tinuously increases and so also the plot variance. In no case, however, (except- 
ing plots of 6/242 of an acre and above in sub-block IV) is the plot variance 
found higher than division variance. Again, when the plot-size is between 
12/242 and 16/242 of an acre there is a successful elimination of block variance in 
all the sub-blocks ; giving to the size of that order a definite bias. Lastly, the 
need for a sufficient number of replications in a field experiment is brought out ; 
thus a plot-size of 1/242 acre with forty-eight replications gives a higher standard 
of accuracy than a size of 2/242 acre with twenty-four replications. The size 
of 12/242 acre which we have considered to be suitable from other stand-points 
can be replicated only four times in e$»ch of the sub-blocks, 
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Table XVI 



Degrees of freedom 

Total sntn of squares 

Varianc 

1 


plot size 

(Figures within brackets 
represent acreage) 

Divisions 

Within 

divisions 

Sum 

of 

squares 

due 

to 

divisions 
(Per cent 
of total) 


Sum 

of 

squares 

due 

to 

within 
divisions 
(Per cent 
of total) 

1 

Due 

to 

divisions 

i 

Due i 
to 

within 

divisions 

Whether difference 
in the previous 
columns is signi- 
ficant or not 



-jL, 

Suh-hloch J 




60' X 3' (1/242) 

47 

192 

36 


64 

2,353 

989 

Significant 

60' X 6' (2/242) 

23 

96 

46 


54 

6,366 

1,697 


120' X 3' (2/242) 

23 

96 

43 


57 

6,672 

2,070 

»» 

60' X 9' (3/242) 

240' X 3' (4/242) 

120' X 6' (4/242) 

15 

64 

38 


62 

10,316 

3,770 


11 

48 

35 


65 

11,952 

6,041 

>» 

11 

48 

36 


63 

16,968 

6,665 


60' X 18' (6/242) 

7 

32 

45 


55 

88,255 

10,181 

it 

120' X 9' (6/242) 

480' X S' (8/242) 

7 

82 

36 


64 

25,639 

9,722 

it 

5 

24 

40 


60 

36,135 

10,962 


240' X 6' (8/242) 

5 

24 

23 


77 

24,063 

16,770 

ISfot significant. 

240' X 9' (12/242) 

3 

16 

16 


84 

33,175 

31,791 

120' X 18' (12/142) . 

3 

16 

42 


58 

1,25,775 

32,256 

Significant. 

480' X 6' (16/242) 

2 i 

12 

19 ‘ 81 

Sub-block II 

67,504 

45,284 

Jifot significant. 

60' X 8' (1/242) 

47 

192 

36 


64 

1,884 - 

818 

Significant. 

60' X 6' (2/242) 

23 

96 

39 


61 

4,379 

1,616 

120' X 3' (2/242) . 

23 

96 

36 


64 

4,011 

1,722 

»» 

60' X 9' (3/242) 

240' X 3' (4/242) 

15 

64 

35 


65 

5,905 

11,778 

2,611 

it 

11 

48 

37 


63 

4,679 

a 

120' X 6' (4/242) 

11 

48 

40 


60 

11,797 

4,084 

it 

60' X 18' (6/242) 

7 

32 

31 


69 

15,430 

7,242 

Not sliaiflcant. 

120' X 9' (6/242) 

7 

82 

25 


75 

12,583 

8,172 

480' X 3' (8/242) 

5 

24 

32 


68 

27,266 

12,254 

Significant. 

240' X 6' (8/242) 

6 

24 

34 


66 

28,235 

11,342 

240' X 9' (12/242) 

i 3 

16 

83 


67 

36,751 

13,619 

>r ' ' 

120' X 18' (12/242) . 


16 

IS 


87 

15,999 

19,881 

Not significant. 

480' X 6' (16/242) . 

i ' 2 

12 

43 1 57 1 

Sub-block III 

87,354 

18,606 

Significant. 1 

60' X 3' (1/242) 

60' X 6' (2/242) 

47 i 

192 

28 


72 

1,593 

992 

Significant. 

23 1 

96 

23 


77 

2,902 

2,275 

Not significant. 

120' X 3' (2/242) 

23 

96 

31 


69 

4,580 

2,372 

Significant. 

60' X 9' (3/242) 

15 

64 

26 


74 

6,231 

4,007 

240' X 3' (4/242) 

11 

48 

29 


71 

11,862 

6,626 

Nots&iflcant 

120' X 6' (4/242) 

11 

48 

22 


78 

8,195 

6,464 

60' X 18' (6/242) 

120' X 9' (6/242) 

7 1 

32 

33 


67 

17,328 

7,669 

Significant. 

7 ! 

82 

26 


74 

18,860 

11,642 

Not significant. 

480' X 3' (8/242) 

5 i 

24 

34 


66 

43,104 

17,030 

Significant. 

240' X 6' (8/242) 

5 1 

24 

16 


84 

17,441 

18,659 

Not significant. 

240' X 9' (12/242) . 

8 1 

16 

7 


93 

17,279 

39,760 

120' X 18' (12/242) . 

3 j 

16 

37 


63 

69,108 

21,756 

Signi^cant. 

480 X 6' (16/242) 

• 2 1 

12 

13 i 87 i 

Svib-blocklV 

59,634 

61,157 

Not significant. 

60' X 3' (1/242) 

47 

1 192 

64 


36 

1 5,378 

762 

Significant. 

60' X 6' (2/242) 

120' X 3' (2/242) 

23 

96 

62 


38 

17,173 

2,460 

23 

! 96 

67 


33 

14,516 

1,689 


60' X 9' (3/242) 

240' X 3' (4/232) 

15 

64 

57 


43 

32,926 

5,837 


11 

48 

66 


35 

33,015 

3,906 


120' X 6' (4/242) 

11 

48 

44 


56 

45,885 

15,178 


60' X 18' (6/242) . 

7 

32 

43 


57 

91,971 

25,728 


120' X 9' (6/242) 

7 

32 

61 


39 

1,00,256 

13,877 

' it ■■■■■'>■ 

480' X 3' (8/242) 

5 

24 

68 


52 

71,728 

10,920 

' ,v" ' ' ■ '> 

240' X 6' (8/242) 

5 

24 

71 


29 

1,27,626 

10,486 

■ J .. ■ : " •, 

240' X 9' (12/242) , 

3 

16 

48 


52 

1,96,348 

38,338 


120' X 18' (12/242) . 

3 

16 

39 


61 

2,59,229 

75,680 


480' X 6' (16/242) . 

2 

i ■ 12 

i 

61 


39 

2,90,986 

30,276 

■ ■■ 'ij ■ i 
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Block variation 

In all our calculations, we have tacitly assumed that each block contains 
five plots. The essential criterion for a suitable block size is that while it should 
be such that it should typify the major soil variation obtaining in the field as we 
pass from one point of the field to another and that the plot in each block should 
not be top small to lose its identity in the block in which it is placed. Table XVII 
gives the coefficient of variation for different division sizes in the several sub- 
blocks. In the first three sub-blocks, the block variability goes down till the 
division size is 60/242 or 80/242 of an acre, (i.c., with the corresponding plot-size 
12/242 or 16/242 of an acre) ; and in the fourth sub-block the variability is least 
when the division size is 80/242 of an acre. 

But the block-size depends upon the number of treatments to be compared, and 
in the present case we have assumed five plots for each block. It is worth while, 
however, to consider the effect on the S. E. of an assumption of four, six and increas- 
ing number of plots in each block. We see, on the basis of five plots, that the block 
variation is small enough (as may be seen from Table XVII), and thus a compa- 
rison of five treatments (or approximately five) seems suitable under the soil 
conditions of the experimental field. It should be remembered, however, that the 


Table XVII 


of v%riaUon for different division sizes Le,, in usnallanguage bloch 
.. Bloch 8. D. 

gM Mean >< 


16/242 

20/242 

30/242 

40/242 

60/242 

80/242 


Division size (acreage) 

Sub- 

Sub- 

Sub- 

Sub- 

block 

block 

block 

block 


I 

n 

} ' 

III 

IV 


I&tAL SIZE AND SHAPE OF SDGAEOANB EXPBEIMBHTAL PLOTS 


705 


Other considerations for fixing a sditaele plot-size 

Every experimenter knows that in a field experiment with small plots, ‘ border 

efiect ’ is a very important consideration for drawing any valid inference. The 
statistical criteria for testing the border effect in the case of a field trial are, firstly 
whether the standard error of the experiment changes in any way by the exclusion 
of border rows, and secondly whether the comparative effects of different treatments 
with the whole plots harvested are in any way changed by the exclusion of border 
rows from the plot. We cannot however apply both the criteria in the case of a 
uniformity trial, but applying the first test for the first sub-block to the plot-sizes 
with a minimum of three rows in the case of the present data, it is found that the 
coefficient of variation has increased in every case by the exclusion of border rows. 

The following table gives the results : — 


Table XVIII (a) 


Plot* size 

Coefficient of varia- 
tion by harvesting 
the whole plot 

Coefficient of varia- 
j tion by excluding 
j two border rows 

1 cut X 3 rows = 3/242 acre 

6*0 

9*3 

1 cut X 6 rows = 6/242 acre 

4*8 

5*6 

2 cuts X 3 rows = 6/242 acre 

4-9 

6*5 

2 cuts X 6 rows = 12/242 acre 

4*3 

4*8 

4 cuts X 3 rows =>= 12/242 acre 

4-4 

4*5 


It is clear that in the case of the present trial, the exclusion of borders has pro- 
duced a significant change in the coefficient of variation. This is in accordance with 
the results obtained by Immer [1932]. The question of competition has been 
further examined by working out correlation coefficients between the yields of 
any row and the mean of yields of ad] acent rows in the first sub-block. 

The value of correlation coefficientobtained was -fO' 1281 (not significant). 

This shows that the competition between rows is negligible in the case of the 
present data ; if there should be any competition, the correlation should be negative 
and significant, unless the soil differences concealed any competition that might 
be present. 

Another important consideration connected with the lay-out of an experiment 
is whether the mode of arrangement of plots in a block exercises any influence on 
the standard error of the experiment. It is a common experience that more com- 
pact a block is, the less the standard error. For example, of the two arrangements 


25 a 
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given, below of the same plot-size the arrangement (1) will probably give a lower 
standard error than (2), as in the former case a greater proportion as ‘ block 
variance ’ may be removed by analysis. 


j 


Arrangement (1) Arrangement (2) 

A fundamental problem in connection with the lay-out of an experiment is 
whether Latin square arrangement or randomised block method is suitable. While 
the latter has the advantage that any number of blocks or replications can be had, 
the former has the advantage, in leading to an effective elimination of variances 
in two directions. The types of experiment however, {Le,, whether it is a varietal 
trial, manorial or irrigation) determines to a large extent the method of lay-out 
to iJe adopted. 

From the present data of the uniformity trial. Table XVIII (6) has been cal- 
culated for a few cases only, to see which of the two methods of lay-out gives a low 
coefficient of variation. The figures generally show that except in cases of 
randomised block arrangement where an adequate number of replications is 
adopted (say five or six), the Latin square arrangement is found more efficient 
than the randomised block arrangement. 

*The data further show that the decrease in the coefficient of variation with 
the increase in the number of replications (as the basis of the same number of plots 
in each block) is not consistent with theoretical expectations. Thus one would 
expect the coefficient of variation of five varieties with six replications to be 

V I times the coefficient of variation of five varieties with three replications ; 
in the present case it is much greater than what may be expected. This may be 
accounted for by the fact that the proportion of block variance eliminated in the 
analysis of variance is not always consistent with the number of replications 
adopted, but depends to a considerable extent upon the variation in the blocks 
themselves. 

*Thanks are due to Mr. Yates, Chief Statistician, Rothamsted, for having brought this 
point to the notice of the authors. 
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Table XVIII (6) 

Sub-block I 

Average coefficient of variation for different types of lay-out 


I Latin square type i Eandomised block arrangement 







plot-size 

3x3 

4X4 

i 6 varieties 

5 X 5 i X 

3 replications 

6 varieties 

X 

4 replications 

5 varieties 

X 

6 replications 

6 varieties 
X 

6 replications 

2 cuts X 3 rows — 6/242 acre 

4 cuts X 3 rows = 12/242 acre 
8 cuts X 2 rows =* 16/242 acre 

5-0 

4-0 

3-7 

4-8 

3-9 

4-6 6-6 

4*4 

6-2 

4-1 

5-1 

4-8 

i 


Table XIX 


Theoretical number of replications to bring down ihe C, V, to two per cent 
Rows (between row to row 3 feet) 

f . 

I Length of j i 

I cut (60 ft.) 1 2 3 6 


Sub-blocks I— III 

1 20 10 I 8 6 

2 11 8 64 

4 7 5 4 

8 1 4 3 

I Sub-blocks I— IV 


1 

20 

12 

10 

I 8 

2 

12 

12 

7 

6 

4 

7 

1 5 

5 

8 

4 

1 4 

i 




ThBOEETICAL NUMBEB of replications KBOESSABY to bring the C. V. TO 

TWO PER CEST. 


Assuming that the standard deviation per plot for diflferent plot-sizes which 
we have deduced in Tables IV-VIT are those which could be normally expected, 
the question is how many replications are necessary to bring the coefficient of 
variation to a low level say to two per cent. 

The object of replications being to secure a low error, the number of replica- 
tions necessary for each plot-size should be examined to see whether we could afford 
sufficient land consistent with the theoretical number of replications required. 

Table XIX gives the theoretical number of replications necessary to bring 
down the coefficient of variation to two per cent on the basis of the data given in 

Table XI. For example, coefficient of variation for two rows and four cuts is 4*6 

from Table XI ; to bring it down to two per cent on this basis, the number of 
necessary replications is obtained from the formula : =2, i.e, \/~==:2*3 


or ^=5 *3. 
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Thus five replications of the particular plot-size will be necessaryto reduce the co- 
efficient of variation to two per cent. With a coefficient of variation of two percent 
in a single mean, the coefficient of variation of the diflferenee of two means is 2-^/2 
per cent and the difference in two means necessary for significance will be 2\/ 2 
X 2, i.e., 5 ‘66 per cent ; and the number of replications given in Table XIX will 
be sufficient to bring down the error in the case of each plot-size to this level of 
significance. In the case of size of two cutsx six rows, (*.e., 120 ft. x 18 ft.== 
12/242 acre) the number of replications required will be four on this basis. 

Table XX 


Extent of land necessary for different plot-sizes to answer the theoretical number of 
replications {the nearest integer being taken in each case from Table XIX) 
and assumption of five plots in each block 


Length of 
cut (60 ft.) 

I Rows 

1 

1 ^ 

3 

6 

" 1 

Average of mhMocks 1 — III {in acres) 


1 

100 

100 

120 

150 

2 

110 

160 

180 

240 

4 

140 

200 

240 


8 

160 1 

240 




Average of subblocks I— IV {in acres) 


1 

100 

120 

100 

240 

2 

120 

240 

210 

360 

3 

140 

200 

300 


8 

160 

320 




Extent op land nbcbssaey based on theoeetical number op eeplications 


Table XX shows the extent of land necessary for different plot-sizes on the 
basis of the theoretical number of replications given in Table XIX and on an 
assumption of five plots in each block. Even if the number of plots n each block 
changes, the ratios of the extents of area as shown in Table XX will remain the 
same. Taking the size 2 cuts x 6 rows, the number of plots in each block five, and 
the number of replications four (to bring down the C.V. to two per cent), the extent 
of land necessary is 12/242 X 5 x 4 = 240/242 acre ; while for a size 2 cuts x 3 
rows the extent of land necessary will be 6/242 x 6 X 6 = 180/242 acre ; and so 
on. It is thus seen that on the basis of results of the first three sub-blocks, from 
the point of view of economy in land, of the one-cut plots, 1 cut x 1 row or 1 cut 
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X 2 rows is the most economical ; of two-cut plots 2 cutsx 1 row is most economi- 
cal and so on. But we have already seen that from other considerations six-row 
plots are sxiitable and that more than one cut to bring down the S. E. a plot-size of 
6 rows X 2 cuts, (i.e., 12/242 acre) demands an extent of 240/242 acre seems 
suitable. But costs of cultivation, planting and harvesting are not always pro- 
portional to the areas cultivated in view of some constan t expenditure involved in 
cultivation. It is therefore necessary that in case when between two or three 
plot-sizes one has to be decided upon not only is the extent of land the main consi- 
deration but also costs of cultivation involved. 

COMTAEISON OF WOBK IX OTHER COTTXTRIES WITH DIFFEREKT CROPS 

Though the size of the experimental plot for severa 1 crops under different con- 
ditions has been engaging the agricultural experim enters in other countries, so 
far no special attention has been paid to the shape of the plot. The question of 
shape has been studied by Christidis [1931] and his conclusions are — 

(1) In agricultural experiments it seems that significant results cannot be 

secured by only using appropriate statistical methods ; uniformity 
amongst the individual plots is more essential than anything else. 

(2) In order to test the validity of the assumptions m ade regarding the 

effect of the shape of the plots, the numerical data of several 
uniformity trials have been considered (on mangolds, potatoes, oats, 
and green forage). A close agreement was found between expecta- 
tion and actual results in the great majority of cases, the evidence 
being remarkably significant in favour of the long plots. In only 
three cases were the results inconclusive, this apparently being ac- 
counted for by the way in which the original plots were formed, 
causing an inequality in area amongst them. 

(3) In the hght of these investigations, in order to reduce the effect of soil 

heterogeneity, the plots used should be as long ,^nd narrow as possible. 
This, of course within the limits set by different practical considera- 
tions, amongst which convenience, competition (when acting), and 
the accurate measurement of the width appear to be the most 
important. 

These conclusions tally remarkably with our own inferences on the data of the 
present experiments on un-irrigated sugarcane. 

SxmMARY AXD COXCLTJSIOXS 

1. The need for standardising a suitable size and shape for an experimental 
plot for all crops in different farms in India grown under different conditions is 
very urgent ; this question is assuming a definite importance in the case of sugarcane 
which is now one of the most important economic crops in India. It is further 
important to recognise the need for a correct statistical technique to be applied 
to data from experiments conducted for the purpose of deducing a suitable size and 
^hape for an experimental plot, 
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2. An experiment was conducted on unirrigated sugarcane (Co. 205) in 
Harpur Jhilli in 1932, with a view to deduce a suitable size and shape for the 
experimental plot. The yield figures for 840 plots of plot-size 30 ft.-3 in. X 3 ft. 
were available. The coefficient of variation was worked out for each plot-size and 
though broad conclusions were possible from these data, it was found that a high 
variation in fertility betw'cen plot and plot and row and row was a disturbing 
factor, and it was therefore thought advisable to repeat the experiment in 1933 
on a more popular variety of cane than Co. 205 and on a soil of more uniform 
fertility, 

3. The 1933 experiment was conducted at Meghaul (Monghyr District) on 
Co. 213 cane. This variety was bred by Dr. C. A. Barber at Coimbatore. Its 
high value in the mill trial, its remarkable tonnage capacity, and its agricultural 
habit on an estate scale were first tested by the Secretary, Sugar Bureau, at 
present the Imperial Agriculturist, Pusa. It now occupies the first place as 
regards area under cultivation in Bihar, Bengal and the United Provinces. Its 
average tonnage in the Pusa Farm is twenty-two tons per acre. 

4. The land under the present experiment was under regular sugarcane rotation 
in previous years ; cultural methods, manuring and other operations were uniform 
all over the area. The lay-out of the experiment consisted of, after removing the 
border crop, two blocks of sizes 480 ft. X 315 ft. and 480 ft. X 93 ft. In the 
first block there were 105 rows and in the second 31 rows — the rows being separat- 
ed by three feet. Each row was cut in eight equal sections and the ultimate plot 
thus measured 60 ft. X 3 ft. = 1/242 acre. The field was divided into four sub- 
blooks, each measuirng nearly one acre, for the purpose of this study (which 
necessitated the omission of a few rows). 

5. Analysis of variance in yields has been worked out for : (a) blocks and (b) 
within blocks for the first three sub-blocks and also for all the four sub-blocks. 
Coefficient of variation V and its standard error, have been calculated for each 
plot-size in the several sub-blocks. 

6. It is found that the variation in fertility between the first three sub-blocks 
is not marked, and that the fourth sub-block is found definitely inferior in fertility 
to the other sub-blocks. 


7. All the values of coefficient of variation are found to be high as compared 
to their standard error, showing their reliability. 

8. Based upon trend in the values of coefficient of variation a plot-size 
between 12/242 acre and 16/242 acre seems desirable. 

9. The shape of the plot has to be decided not only on the basis of trend in the 
coefficient of variation, but also from the point of view of convenience of culti- 
vation, and an irreducible minimum number of rows to avoid border effect ; based 
upon these standpoints the ratio of length to width of the experimental plot is 
found to be at least 6- 7. Long narrow plots are thus found to sample the soil best, 
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and this tallies with the conclusions reached hy Christidis, published in Journal of 
January 1931,. (pages 14 — 37). 

10. From the point of view of efficiency , based upon standard error relative to 
size, the 'smallest plot-size is the most efficient, but there are other cohsiderations, 
such as convenience in cultivation and reduction of border effect, that decide a 
suitable plot-size. In the present experiment, it is seen that between plots of the 
same shape, efficiency has not appreciably changed provided the plot is suffi- 
ciently narrow. The present data also emphasise the fact that between two plot- 
sizes one of which is to be preferred,' the smaller size with a greater number of ^ 
replications is more efficient than the larger size with a lesser number of replications. 

11. Analysing the variances due to ^ divisions’ and ‘ within divisions ’ in the 
case of each plot-size, two points are made clear ; — (1) The block demarcation in a 
field trial is essential and (2) in the case of the present experiment, a plot-size 
between 12/242 of an acre and 16/242 of an acre eliminates an appreciable portion 
of soil variance. 

12. Examining other considerations for fixing a suitable plot-size, in the case 
of the present data the border effect is found significant but competition between 
rows is negligible. 

13. Again it is found that between ‘ Latin square ’ and ' randomised block 
airangement ’ the former is found more efficient than the latter, except when the 
latter is provided with a sufficient number of replications, say five or six. 

14. Theoretical number of replications to bring down the coefficient of varia- 
tion to two per cent has been calculated in the case of each plot-size, arid it is 
found that in the case of 2 cuts X 6 rows (i.e., 12/242 acre), the number of repli- 
cations required is four. 

15. Extent of land necessary on the basis of theoretical number of replica- 
tions, and on the basis of five plots in each block, has been calculated in the case 
of each plot-size. It is found that a plot-size of 12/242 acre requires 240/242 of an 
acre for the whole experiment. Costs of cultivation are also an important consi- 
deration in the case of a field experiment, which should be worked out for different 
plot-sizes. 

16. Considered from all stand-points on the basis of the data in the present 
experiment, a plot-size of 12/242 of an acre (120 ft. X 18 ft.) seems eminently 
smtable for a field experiment on un-irrigated sugarcane. 
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Tonnage experiment with Co. 213, 1933 
hach row is 3 ft. apart and the cuts are CO ft. Area of each section is ISO sq. feet 


( Yield in pouwh ) 


Row 

No. 

A 

1 

B 

^ C 

1 D ' 1 

1 

1 

^ E 

F 

Q 

H 


1 ‘ j 

1 




Bloch J 



1 

389-0 

882.0 

360-0 

306-6 

2 

302-0 

369-0 

416-5 

320-0 

3 

261'0 

328-0 

306-0 

239-6 

4 

337 0 

310-0 

319-5 

367-5 

5 

314-5 

341-0 

342-5 

322-0 

6 

356-0 

371-0 

345*0 

280-0 

7 

384*0 

353*5 

368*0 

303-0 

8 

330-0 

377-5 

402*0 

445*5 

9 

338-0 

362-5 

340-0 

356-0 

10 

■311-5 

346*0 

345-5 

343-5 1 

11 

346-6 

336-0 

389-0 

321*5 

13 

323' 0 

402-5 

324-5 

372-0 

13 

351-5 

314-0 

376-0 

420-0 

14 

402-5 

333-5 

361-0 

406-6 

15 

346-0 

364-0 

377-0 

333*0 

16 

393-5 

303-5 

363*0 

326*0 

17 

320-0 

387-0 

402-6 

342-5 

18 

328-0 

337-6 

387-6 

305-0 

19 

336-0 

368-0 

302-0 

400-0 

20 

327-0 

335-0 

365-0 

332-0 

21 

352-5 

322-5 

344-0 

330-5 

22 

358*0 

352-5 

325-0 

349-0 

23 

357*0 

330*0 

343-5 

319-5 

24 

337-5 

366*5 

371-0 

299-5 

25 

312-5 

339*5 

348-0 

324-0 

26 

362-0 

306*0 

338-0 

331-0 ! 

27 

290-0 

412-0 

357-6 

305-5 1 

28 

318-0 

363*5 

349-5 

354-5 

29 

315-5 

353-0 

398-5 

348*5 

30 

325-0 

337-0 

359-0 ' 

289-0 

31 

354-0 

360-0 

387-0 

338-0 

32 

340*0 

330*5 

370-0 

342-0 

33 

355*0 

370*0 

393-5 

319-5 

34 

373-0 

393*0 

333-5 

376-0 

35 

314-0 

353-0 

388-5 

378-5 

36 

341*0 

351-0 

385-0 

358-0 

37 

295*0 

362-0 

387-0 

363-0 

38 

328*0 

355-0 

351-0 

358-0 

39 

295-0 

324-0 

364-5 

351-0 

40 

307*0 

364-0 

379-0 

323*0 

41 

339*0 

340*0 

301-6 

326*5 
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Row 

No .. 

1 ^ 

B 

C 

D 

E 

F 

G 

H 

. 92 

320-0 

343-5 

340-0 

286-0 

286-0 

274-6 

290-0 

286-0 

93 

336-0 

315-5 

313-0 

313-5 

328-0 

295-0 

320-0 

312*5 

; 94 „ 

333-0 

315-0 

258-0 

308-0 

296-5 

310-0 

315-5 

327-5 

95 

345-0 

347-0 

342-0 

328-0 

359-0 

312-0 

332-0 

321*0 

96 ; 

354-0 

303-0 

287-5 

269-0 

361-0 

323-5 

342-0 

360*0 

97 

345-0 

262-5 

293-0 

322-5 

325-0 

314-0 

370-5 

356-5 

98 

322-5 

272-0 

298-5 

356-0 

327-0 

373-0 

375-5 

351*0 

99 

293-0 

261-0 

206-0 

295-0 

271-5 

330-0 

358-0 

343-0 

100 

313-5 

289-5 

274-5 

336-5 

368-5 

331-5 

333-5 

294*6 

101 

291-5 

265-0 

242-5 

321-0 

317*5 

367*5 

333*5 

301*0 

102 : 

331-0 

271-0 

279-0 

298-5 

342-0 

313-0 

371-5 

283-6 

103 

351-5 

290-0 

309-5 

340-5 

273-5 

315*0 

310*0 

329*5 

104 

315-0 |, 

266-5 

335-0 

315*5 

310-0 

340-0 

319*5 

324*5 

105 

276*5 ^ 

232-5 1 

285*0 

285-0 

330-0 

316-0 1 

352*0 

320*0 


Block III 


106 

276 

-0 

285 

*0 

279 

-5 

I 319 

*5 

1 397 

•5 

341 

5 

324*0 

253-0 

107 

280 

-0 

252 

•0 

243 

•0 

328 

-5 

395 

-0 

330 

0 

' 246-0 

275*0 

108 

297 

•5 

268 

-5 

303 

•0 

280 

-5 

373 

*5 

348 

5 

! 284*5 

278*0 

109 

279 

•5 

285 

*0 

324 

-0 

343 

•0 

357 

-5 

330 

0 

1 290-0 

293*0 

110 

332 

*5 

285 

*0 

325 

•0 

333 

*5 

372 

-0 

i 303 

5 

: 258*5 

290-0 

111 

212 

-5 

242 

•0 

315 

•0 

255 

-0 

318 

•5 

I 287 

0 

1 268*0 

336*0 

112 

356 

-0 

340 

-0 

336 

•0 

277 

-5 

318 

•0 

i 356 

0 

311*5 

306-5 

113 

330 

•0 

292 

•0 

314 

•5 

342 

•5 

296 

-.0 

j 350 

5 

300-0 

335*5 

114 

315 

•0 

277 

-0 

259 

•5 

300 

-0 

i 327 

•5 

■ 346 

5 

. 276-0 

362*0 

115 

300 

•0 

280 

•0 

310 

-0 

288 

-0 

331 

*0 

' 411 

0 

' 307-5 

332-0 

116 

263 

*0 

256 

-5 

294 ' 

•0 

319 

•0 

335 

-5 

i 391 

0 

1 265-5 

392*5 

117 

310 ' 

■5 

228 

-0 

215 ' 

0 

308 

-0 

322 

-5 

; 335 

0 

f 304*5 

311*0 

118 

343 

■5 

214 

•0 

280 * 

■0 

328 

■5 

302 

-0 

1 317 ' 

0 

306-0 

345*5 

119 

256 - 

■0 

236 

•5 

260 * 

0 

294 

-0 

1 337 

* 5 

i 342 ' 

0 

306*5 

297-0 

120 

328 ' 

0 

257 ' 

-0 

292 - 

5 1 

367 

•5 

1 383 ' 

■0 

1 379 ' 

0 

295*5 

343*5 

121 

270 - 

0 1 

216 ' 

•0 

306 - 

5 

I 325 ' 

0 

3 - 23 ' 

*0 

, 328 ’ 

0 

304-5 

306*5 

122 - 

266 * 

5 i 

199 ' 

■0 

262 - 

0 

340 * 

5 

330 ’ 

0 

i 321 * 

0 

330-0 

312*0 

123 ’ 

231 - 

0 

207 - 

0 

294 * 

5 

343 * 

0 

312 * 

0 

1 339 - 

0 

262-5 

229*0 

124 

287 - 

5 . 

234 - 

5 

258 - 

5 

347 - 

0 

338 - 

0 

350 * 

0 

280-0 

250*0 

125 

294 * 

0 

261 - 

5 

295 - 

5 

277 - 

0 

312 * 

0 

j 329 - 

5 

300*5 

267*0 

126 

262 - 

5 

303 - 

0 

293 - 

0 

304 * 

5 

323 - 

5 

i 370 - 

0 

273*5 

250*0 

127 

307 - 

0 

279 * 

5 

304 - 

5 

285 - 

5 ' 

310 - 

0 1 

' 350 * 

0 

255*5 

288*5 

128 

264 - 

5 ' 

253 - 

5 

233 - 

0 

290 - 

0 

284 * 

0 

285 - 

0 

302*0 ‘ 

258*5 

129 

319 * 

5 1 

262 - 

0 

259 - 

5 

306 * 

0 

264 - 

0 ! 

315 - 

0 

316*0 

264*5 

130 

315 - 

0 

245 - 

5 

271 - 

0 

269 - 

0 

251 - 

0 i 

263 * 

5 

297*5 

276*0 

131 

280 - 

0 : 

236 * 

5 

293 * 

0 

250 * 

0 

228 - 

5 ! 

274 - 

0 

291*0 

295-5 

l32 

313 - 

5 i 

265 - 

0 

266 - 

0 

300 * 

0 

250 * 

0 

287 * 

5 

310*0 

303-0 

133 

291 - 

5 

197 - 

0 

230 - 

0 

298 - 

0 

225 - 

5 

280 * 

0 

233*0 

374*0 

134 

293 * 

5 : 

229 - 

0 

226 - 

0 

277 * 

0 

232 - 

0 

290 - 

0 

261*0 

307-5 

135 

339 - 

5 

225 * 

0 

216 * 

0 

304 * 

0 

220 - 

0 

297 - 

5 

303’ 0 

290-0 

136 

248 * 

5 1 

210 - 

0 

1 

205 * 

1 [ 

281 * 

0 

290 - 

0 

301 * 

0 

239*5 

286-0 
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Wm. H. WESTON, Jr., 

Professor of Cryplogamie Botany, Harvard University, U. S. A. 

(Received for pnbKcation on 18th September 1935) 

(With Plate XLII) 

Eurtlier study of the goiiu.s Solerospora reveals the necessity for revising the 
status of certain species. In a previous paper. Weston and Qppal [1932] 
presented the basis for establishing Kulkarni’s v aviate j Andropogonis sorqU oi 
Sclerospora granminicola as a distinct species Sclerospora sorgJii. In the present 
paper the status of ScUrospora indica Butler and of Sderospora pUUppinemis 
Weston is considered, since recent comparative studies have revealed that the 
diflerences between these two are not sufficient to justify maintaining them 
as separate species. 

Sderospora indica, when first reported on maize from Pusa by Butler [ 1913 ], 
was re^rarded by him as identical with the maize mildew described as Peronos- 
pora nmydis by Eaciborshi [ 1897] from Java in 1897. Butler, however, pointed 
out that the fungus was clearly a Sderospora rather than Peronospora and hence 
designated it as Sderospora maydis (Rac.) Butler. Later work by Palm [ 1918 ] 
corroborated Butler’s conclusion that the Javan mildew was indeed & Sderospora 
but showed that it was specifically distinct from the Indian mildew ; hence in 1931 
Butler and Bisby [ 1931 ] very properly re-named the latter Sderospora indica. 

Sderospora philippinensis, when described from the Philippines as a new spe- 
cies bv Weston [ 1920 ] in 1920, had already previously been reported from the 
Philippines in 1916 by Baker [ 1916 ], who first called attention to its destructive- 
ness to maize, and in 1918 by Reinking [ 1918 ], who first described and illnstrated 
the structural characters of the fungus. 

( 715 ) 
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^•fl, Pliilippine fungus was identical 

mth tiiat reported from India by Butler, the general impression at the time being 
that the destructive downy mildew of maize in the Orient was a single entity first 
reported from_ Java, later found in India, then in the Philippines and prokbly 
already established and. awaiting recognition in other countries as well. 

when Weston was confronted with the questionoftheiden- 
the situation had become more complex. 
Palm had Jown that the species in Java was distinct from that in India, whilst in 
Australia .D. S. North had encountered a similar, although distinct, mildew des- 

known™ Mrt min r** '‘w °H “ I'y™ tWI5] to Miyako’o littl, 
known report [ 19U ] deoorlbmg Ih.s speoKe as Sd. mcctmn and noting its dc.slrue. 

taenesa to m.,ze as well a. sugarcane in fomtosa. Horeower Wtjton dmit 

IS investigation of the Ph±ppme mildew, having found that the production of 

omdiophores and conidia in the field normally occurred at night when the host 

plants were covered with dew, had worked out the structural characters in dLil 

and from couiparisons with dried herbarium material, had concluded that an add 

quate concept of the distmguishing diagnostic features could be <raincd onlv frr 

material coUected at the tin., of „ptin,un. production and .t.rd W oiror wS^ 

Mb or when suitably billed and preseryed. At that time, the only material of 

the Javan, Indian and Formosan species available for comparison consisted of ’n 

adequate dried herbarium specimens, which oven when Rupplemented by the nub" 

that tht adequate basis for decision even though Indicating 

that the Philippine fungus was apparently distinct from f hr. "in ^ 

species, and probably from the IndL specie. » ^ 

rr “ r<;na!-,i'; 

Mm by Dr. W. McEue, and h„ been increaaingly'Sp™” d “2 it”'”’’ *"”’f "I*” 
Scl pM^pinends. The living material * of the mii^eNcI 
the time of optimum production in the field at p collected at 
cently Weston has compared excelwL has also been .studied. Re- 

from Pnsa with his own Phifippme mat^aralr Indian fungus 

19291 a nd bas corroborated Dp^ eonc M.iontt:^ 

material of Sclerospora indica coUeoW^^deTc^fSiTor’^t^ 

Pusa. Bihar. “ production at 
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These comparative studies of the optimum material conolusively show that 
the slight differences between the Indian and the Philippine maize mildews do 
not justify maintaining these two as separate species. The agreement between 
these two fungi holds in all their essential features. 

The conidiophores are, of course, of the well-developed type characteristic 
in general of the conidial Sckrosporas of the Orient with a differentiated basal cell 
(Plate XLII, figs. 1, 4, 8-11), stout main axis (Plate XLII, figs. 1, 2, 4), and 
extensive spreading branch system (Plate XLII, figs. 2-5), comprising stout, 
usually dichotomous branches terminating in the tapering sterigmata which bear 
the spores. 

These features are well shown in Plate XLII included here to supplement 
Butler’s [1913] original illustrations w^hich unfortunately were based on incomplete 
specimens poorly developed and lacking the characteristic basal cell. A. compari- 
son of the present figures with those of Weston’s [ 1920, 24-25] earlier illustrations 
of the Philippine material shows close agreement in all essential structural features. 
Furthermore, the dimensions are in close agreement : the total length of the conidio- 
phores in both ranges from 150 to 410p., most commonly from 300 to 350 jx, the 
greatest diameter of the main axis in both is most commonly from 20 to 25 jx, 
and the basal cell is typically about 80 to 100[x in length, and 9 to lip. in diameter. 
Even the sterigmata, w^hicli were emphasised by Weston [ 1920, p. 117 ] as a point 
of difference, are now found to be more closely in agreement, since they vary 
greatly in length from as little as 6{x to as much as 30(x but average around 14 to 
15p. 

The conidia, which have been found to be the most reliable basis of comparison 
in the species of Sclerospora, here show close agreement both in shape and in size* 
In shape they are most commonly elongate ellipsoid, elongate ovoid, or rotund 
cylindric (Plate XLII, fig. fJ and Weston’s [1920] Plates 24 and 25). In size, 
although there are slight variations in the modes of length and of width, there is 
nevertheless a dist;inct overlapping in the length frequencies, sixty per cent of 
the Indian material falling in the range of 33 to41[x , and sixty-fi ve per cent of the 
Philippine material in the faoge of 31 to 39p,. In width, however, the frequencies 
overlap over almost the entire range of spore measurements, although the conidia 
of ScL indka are slightly narrower (Table I), As has been suggested by Dr. Butler 
in a recent letter, these slight variations in conidial measurements may be regarded 
as characteristic of a geographical race ; for it has been bis experience in com- 
paring different samples of material received at the Imperial Mycological Institute 
from eolieetioBS in widely separated localities that such material may show 
substantial differences in spore measurements even though belonging to the same 
species of fungus causing the same disease in the same host. Such differences in 
size, therefore, unless very pronounced, with no intermediates and augment eel 
with additional stinictural distinctions, do not seem to justify recognition of the 
tw'O milde\fs as se para te species, 
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Table I 

Comparison of mmsuremmis ofconidia of Sol. indica and ScL philippinensis 


Leugth 


Width 


Classes in jjt 


17 to 19 , 
19 to 21 . 
21 to 23 . 
23 to 25 . 
25 to 27 . 
27 to 29 . 
29 to 31 . 
31 to 33 . 
33 to 35 . 
35 to 37 . 
37 to 39 . 
39 to 41 , 
41 to 43 . 
43 to 45 . 
45 to 47 . 
47 to 49 . 
49 to 51 . 
51 to 53 . 
53 to 55 . 
55 to 57 . 


onidia in 400 

Number of conidia in 400 

** Scl 
philippl 
nensis 

Classes in p. 

Scl indica 

Scl 

philippic- 

nensis 

1 

11 to 13 

5 

1 

1 

13 to 16 

40 

8 

2 

15 to 17 

135 

41 

1 

17 to 19 

97 

160 

4 

19 to 21 

53 

148 

10 

21 to 23 

51 

41 

35 

23 to 25 

14 

1 

68 

25 to 27 

5 

0 

75 




64 




55 




30 




24 




21 




7 




2 




0 




1 




0 


t 


0 

i 

1 

i 




* Gonidial material collected at the time of optimum production (4 a.m.) atPusa 
and measured immediately by M. K. Desai. 

** Conidia collected by Weston in the Philippines in dew during optimum conidium 
production and measured immediately as reported in J. Agric. Ees, 19s No* 3, 1920 
(Table!)* 

As a result, when all these points are considered there does not seem to be 
any adequate basis for maintaining Sderospora pliilippinmsis Weston of the 
Philippines and Sderospora indica Butler found only in Bihar in India, as separate 
species. It is most regrettable that this is the case, for this Sderospora should, 
in all justice, give recognition, in the authority for its name, to Butler who first 
called attention to it in 1913. Yet the early confusion in identity with the Javan 
fungus and the unfortunate taxonomic tangle which followed Palm’s failure to 
observe the International Rules of Nomenclature in re-naming Raciborski^s Pero- 
nospora mai/dis forced Butler to re-name his species Sderospora indica in 1931. 
As a result now that our comparative study reveals no adequate liasis for maintain- 
ing Sderospora indica and Scl. pJiilippinensis as separate species, the former must 
be merged with the latter under the name Sderospora pliilippinensis Weston ? 
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Inteodoction 

The growing interest in the problems of plant nutrition within recent years has 
resulted to a certain extent in the realisation of the possible relation existing be- 
tween the nature and amounts of elements absorbed and the elaboratioii of the 
several organic substances at different stages of growth. Such experiments con- 
ducted under natural and controlled conditions of experimentation have led to 
the view that growth is mainly dependent upon a number of the so-called essential 
and non-essential elements. While the former are required in deSnite quantita- 
tive proportion, the presence of the latter in minute qixantities is considered to be 
necessary for the proper development of plants. 

The investigations of Mazd [1914 ; 1915 ; 1919 ], McHargue [ 1919 ; 1922 ; 
1925 ; 1927], Warington [ 1923 ; 1926 ], Brenchley [ 1914 ; 1, 2 ], Brenchley and 
Tliomton [ 1925 ], Sommer and Lipman [ 1926 ], and Haas and Reed [ 1927 ], be - 
sides a host of other workers, have shown how the growth of their experimental 
plants varied in magnitude according to the presence or absence of some of these 
non-essential elements and in certain cases stress has been laid on the indispensa- 
bility of these elements to the growth of plants. Such a relation between growth 
and availability of these non-essential elements, however, remains not well under- 
stood specially with respect to the tropical and sub-tropical crops and other charac- 
teristics of these regions. The need for a systematic investigation in this direc- 
tion is the justification for the present contribution. 

♦(Contribution from the Institute of Agricultural Research. Benares Hindu 
IJnive rsity.) 
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To this end, wheat plants are raised in Knop's solution under varying 
concentrations of the supply of these elements and the subsequent variations in 
certain aspects of the morphology, growth ami composition of the plants are 
studied with respect to shoot and root lengths, leaf area, dry matter formation and 
the final elaboration of certain organic substances such as the various carbohy- 
drates as well as the organic and inorganic nitrogen. To further facilitate the ana- 
lysis of the relative efficiency of the many non-essential elements under investiga- 
tion tlieir chlorides are added to the culture solution in suitable molar concentra- 
tions. The experiments are j^erformed under rigidly controlled conditions of other 
conditioning variables, such that limitations in these directions may not interfere 
ill the deduction of any genuine conclusion with respect to the indueiice of these 
elements on plant growth. 

Investigation 

Pure strain seeds of Trifimm viilgare (var. Pusa 4) of as uniform a weight and 
size as possible are selected, sterilised with mercuric chloride (1 : 1,000) and then 
washed well with distilled water. They are then germinated on mosquito nettings 
moistened with Knop’s solution, under controlled environmental conditions. 
When the seedlings have grown to the extent of approximately 6 cm., they are 
further selected with regard to their uniformity in size and vigour and are then 
transferred to wide-mouth culture jars of hard resistant glass, 500 c.c. in 
capacity. The glass containers are covered with black paper and are 
fitted with perforated corks thoroughly impregnated with molten wax. The 
vessels together with corks are sterilised before the addition of the culture solution 
and only two plants are allowed to grow^ therein. 

Three series of experiments have been conducted. In the first, the plants are 
grown exclusively in Knop’s solution throughout their life-cycle and designated 
as the control, while in the other two, seedlings raised in Knopfs solution for a week, 
are transferred to this very solution containing the chlorides of cobalt, iodine, zinc, 
aluminium, manganese, lithium and sodium. Four concentrations of each chlo- 
ride, namely O’Ol, 0*00.5, 0*0005 and O'OOOlJf, are tried, out of which the first 
two belong to the second series and the last two, to the third. Such a wide range 
of concentrations has been specially utilised to study the eflect of the different 
elements when supplied both in strong and weak doses and thereby to discover 
the optimal range of concentrations which may lead to useful stimulating results. 

The plants are grown in the water culture laboratory where other environ- 
mental factors are kept under rigid control. The nutrient solution is changed 
twice a -week and aerated every day. A free circulation of air is maintained in the 
laboratory in order to supply fresh oxygen and carbon dioxide totheplantstlirough- 
out the entire series of experimentation. 

At intervals of a week, a number of plants are taken out from each set and 
washed free of nutrients. The external moisture is carefully wiped off before the 
fresh weight of the entire plant, as well as such measurements as root and shoot 
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leiigtliSj leaf area and other morphological characteristics, are recorded. The 
plant material is then fixed in five per cent formaldehyde, washed well with dis- 
tilled water and tlien incubated to constant dry weight in a steam oven regulated 
atiOO'C. 

The materials for the estimation of the various carbohydrates (glucose, su- 
crose and starch including the petosans and other acid-soluble carbohydrates) 
are prepared after the method of Link and Tottinghara [ 1923 ] and then estimated 
according to Official and Tentative Methods of Analysis [ 1930]. The total nitro- 
gen including the nitrogen of nitrates is obtained by the modified Kjeldalil’s 
method f 1930 ]. 


Experimentai, FiNDiisias 


Morphological variabilities , — The morphological variations attendant upon 
the addition of different chlorides in varying concentrations to the culture solution 
range from a stage of moderate acceleration to that of complete toxicity. In 
case of certain chlorides in the second series, both the concentrations (0*01 and 
0* 005if solutions) result in an immediate injury, whereas in others, the higher con- 
centration (O’Ollf) is severely toxic to the plants. The injury caused by the ap- 
plication of the lower concentration (0*005J/) is, however, mild and not so well 
pronounced as in the higher one. To the first group belongs the most character- 
istic case of the cobalt chloride, the toxic nature of which in 0‘Olilf concentra- 
tion is evinced soon after thirty-six hours of its addition. The leaves change their 
normal colour from green to bluish dark and later to greenish purple. The normal 
turgidity is lost and the leaves wilt off badly . Infour or five dayvS the entire plant 
population is severely affected culminating in their death. The lower concentration, 
although producing more or less similar morbid symptoms, is not so toxic as to 
cause immediate injury. The plants so treated survive longer for a period of a 
week or so. 


In case of iodine chloride, on the other hand, similar toxicity is evinced in both 
the concentrations, but the injury is manifest after a few days of the growth of 
plants in this solution. The roots assume a reddish tinge and cease to grow, 
the leaves wilt and droop down and ultimately the entire plant is killed. In the 
case of higher concentration (0‘011f) these symptoms appear as early as four 
days after the transfer and the plants do not survive for more than a week. 

Zinc chloride, on the other hand, takes a still longer time to manifest its toxic 
effect which is more pronounced in case of higher concentration {0 * 01 M ) . About 
a iveek after the plants have been transferred to this solution, a few leaves begin 
to show signs of chlorosis and by the end of another week the foliage almost dries 
up, while the leaves that are lelt, remain yellow and completely chlorotic. Thus, 
two weeks later, in case of the higher concentration and three weeks in the lower 
one, almost all the plants are killed by the toxic nature of the salt — ^which is well 
in accord with the observations of Conner [1920]. 
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It is thus seen that the plants grown in culture solution with different 
chlorides of 0*01 or 0 * OOSJIf strength are soon affected by their toxic action finally 
culminating in their death. There are yet other chlorides which, though detri- 
mental for plant growth, allow the plants to continue their growth and complete 
their life-cycle when added to culture solution in 0 * 0051f strength. This h as been 
shoivn to be specially the- case with aluminium chloride. In this particular case, 
although most of the plants are killed four weeks after the transfer in 0*01x¥ 
concentration, some of the plants in 0*0057lf solution do survive the toxic effect 
and ear earliest of all the cultures of the second series. The toxic nature of this 
salt too, however, is manifest soon after its addition to the nutrient media, by the 
cessation of root development followed by the loss of its normal colour. After- 
wards the roots get slimy to touch and gradually begin to disintegrate. The shoot 
part is affected only after three weeks, when partial chlorosis and reduction in the 
rate of shoot elongation is noticed. The internodes remain underdeveloped, ex- 
hibiting a stunted growth of the plants. The leaves are reduced in size and later 
on, begin to dry off and ultimately the entire plant is billed. Such toxic effects 
of aluminium in high concentrations have also been observed by Yamano [ 1905 ] 
in case of wheat and rye and. by Miyake [ 1916 ] in ease of rice. 

Manganese chloride, unlike aluminium chloride, exhibits no injury to the 
roots whereas harmful after-effects are to be noted in the shoot part after a fort- 
night (Table I). The after-effect is just of the reverse order when compared with 
the aluminium injury in as much as the growth of the roots continues throughout 
the life-cycle of the plant while the shoot portion shows retardation in its growth 
rate soon after the transfer. Four weeks later elongation of the shoot part is al- 
most checked and the new leaves appear to arise from the same node, giving a 
more or less rosette appearance. The leaves are reduced in length and 
become chlorotic later on. Chlorosis and drying out of the leaves is a common 
feature ashas been noticed by McCool [1913 ], McCeorge [ 1923 ], Eippel [ 1923 ] 
and others. By the end of the fifth week, the entire population of plants wilt and 
dry under the higher concentration. The severity is minimised to a certain ex- 
tent in case of the lower concentration where, in spite of the death of a large number 
of plants by the end of the sixth week, the remaining ones are in a position to 
complete their life-cycle although without flov/ering. Rdatively speaking the 
shoot is more elongated while the roots, though developed to a great extent, do 
not increase in length beyond that noted for the higher concentration. 

The. fact thus becomes evident that the addition of the different chlorides 
under higher concentration is decidedly more injurious than the lower one. This 
is further supported by the observations recorded in case of the lower eon- 
centration of lithium chloride which brings about a more satisfactory and vigo- 
rous growth of plants than is observed in the higher one (0 * Ollf ) . 

The case of sodium chloride is, however, different from those described above. 
The lower concentration in this case brings about a poor growth both of the 
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shoot and the root, while the higher one surpasses even the control (Table I) as 
regards the general growth and development of plants — a result which is in 
keeping with the observations of Lipman, Davis and West [ 1926]. 

In the third series of experiment the chlorides are supplied in very low concen- 
trations of 0 * 0005 and 0 -0001 Jf strength. It is to be noted, however, that where- 
as the lower concentration (0.0001 M) is better in some respects, the relatively 
higher one (0 *000511) brings about unfavourable variations in certain cases so 
far as the general morphology is concerned. Cobalt chloride in 0*00051f concen- 
tration, though not exhibiting leaf injury and colourations characteristic of still 
higher concentrations, brings about malformation in roots and stunted growth of 
shoot, culminating in the death of plants in the third week. On the other hand, 
plants grov/ing in O.OOOlJf solution survive the toxic effect and grow to ear, 
although the setting of grains is not well marked. The degree of toxicity of cobalt 
chloride, thus, goes on diminishing with its dilution in the nutrient media and al- 
though concentrations lower than 0 *00011f have not been tested experimentally, 
it is probable that still lower concentrations of this salt may exert stimulative 
effect, as stressed by Maze [ 1915 ] and Nakamura [ 1904 ] for certain crops. 

In case of iodine chloride solution of 0'0005iff strength the root growth is 
practically cheeked. The leaves after the first week begin to show signs of severe 
chlorosis and drying off — the drying proceeding from the tip downward tov’-ards 
thesheath. Wilting’is noted in the third week. In still dilute solution of 0‘OOOlilf 
strength, the plants survive for a longer time, but the growth of root is poor 
while the shoot, though exhibiting vigorous growth in the beginning, shows a 
slight chlorosis of leaves after about a month. With further advance in age, 
toxicity is more pronounced and small streaks of white patches scattered all over 
the surface— more towards the margin, less towards the midrib — appear in this 
lower concentration. Iodine, thus, even in such a dilute concentration as 0 -GOOUf 
exerts its toxic effect in contrast to the observations of Aso and Suzuki [ 1904-05 ] 
and Maze [ 1915 ; 1919 ] made upon other crop plants. Brenchley [ 1924], on 
the other hand, observed that different species of plants vary in their reaction to- 
wards this element. She found that iodine badly checked the germination and 
growth of barley and mustard, the former being more sensitive to its toxic action ; 
but that if some time elapsed between the treatment and the sowing, much of the 
toxic action of iodine disappeared with the result that the former was affected to 
some extent while the latter remained unaffected, suggesting thereby that much 
of the iodine during this interval was removed, in some way or other, from the field 
of action of the plant root possibly by adsoprtion by the various constituents 
of the soil. 

Unlike the undesirable symptoms produced under high concentration, zinc 
chloride in 0*0005iff strength leads to stimulated growth of root, shoot and as- 
similating surface and earlier formation of ears. It exhibits its stimulating effect 
even under still lower concentration (0 * 0001 Af) (Table I) as observed by Nakamura 
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[1904] in certain cases. The higher concentration (O'OOOSJf) ' is, however, 
favonrahle more for shoot growth than for the root growth as compared to the 
lower one. 

Aluminium chloride of 0‘0005Jf strength exhibits poor development of root 
although the shoot growth has been encouraging. But still lower concentration 
(0 *0001 Jf ) leads to vigorous growth of root, shoot and assimilating surface (Table 
I) a result quite in accord with the observations of Kratzmann [1914]. In 
general the dilute solution is far more beneficial than the stronger ones [ McLean 
and Gilbert, 1928 ]. This effect is also apparent in case of manganese chloride 
where increase in root and shoot length and assimilating area over the control is 
characteristically noted in the 0*0001Af concentration. That manganese in 
smaller doses brings about stimulative effects, has been noticed also by Loew and 
Sawa [1902], Aso [1907], McHargue [ 1922 ], Samuel and Piper [1929] and others. 

Lithium and sodium chlorides are found to have entirely different effects 
inasmuch as the relatively higher concentrations are better for plant growth. 
Although the range of concentration of lithium chloride best suited for plant growth 
is between 0* 0005Af and 0‘005Jf strength, below and above which growth being 
seriously affected (Table I) , no remarkable increase in growth over the control has 
been observed by the application of this salt- — a result found in contrast to the 
observation of Nakamura [ 1904 ]. In case of sodium chloride, however, it is to 
be remarked that the stimulative effect increases as the concentration is raised 
higher and higher, better growth being observed under 0‘011f concentration as 
indicated above. Lipman, Davis and West [ 1926 ] working on the tolerance of 
plants to sodium chloride have noted more or less similar response inasmuch as 
the decreasing concentrations of this salt resulted in the decreasing growth of the 
root and shoot. 

Dry weight p roduction in plants. —Like morphological variations, the dry weight 
of plants also, at successive stages of plant growth, undergoes modification in res- 
ponse to the concentrations of the different salts used for the experimental 
purpose. The toxic or useful effects of the different chlorides, supplied in different 
concentrations, soon influence the production of dry matter and lead to greater 
divergence in the ascending portion of the time- weight curves (Pigs. 2-8), although 
the initial capital (dry weight) with which the plant starts its life-cycle remains 
practically the same in different cases (Table I). 
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While such a divergence in plants belonging to the different sets is character- 
istically noted in some of the salts like aluminium, manganese and zinc chlorides : 
in still others like iodine, cobalt, sodium and lithium chlorides, the differentiation 
is not so -well marked. It is to be further noted that in cases of iodine and cobalt 
chlorides the plants die at an early stage due to the apparently toxic effects of 
these salts. Especially is this true of the higher concentrations where this toxicity 
should naturally be more as compared to the lower ones in which case the plants 
are in a position to thrive better and continue to grow more vigorously for a major 
portion of their life-cycle. In almost all the cases, however, where the curves are 
complete the essential sigmoid nature is preserved (Figs. 2-S), in spite of the fact 
that variations have been caused in the constitution of the culture solutions. The 
nature of the growth reaction, thus, at successive stages remains more or less iden- 
tical, but differences in intensity and magnitude of the same are to be noticed 
in response to the presence of the different chlorides, in the culture solutions under 
higher or lower concentrations. 


The plants belonging to any one set although growing under differential nu- 
tritional supply do not show very significant differences in their dry weights at 
successive weekly stages during the early period (Table I) while with increase in 
the period of growth, the differences in a way become more marked at least, in cer- 
tain eases where divergence in the nature of the curves has already been indicated 
to take place. This is all the more apparent when we take into consideration that 
towards the adolescent stage of plant growth photosynthentic activity markedly 
rises [ Singh and Lai, 1935 ] and as such the more or less insignificant effect of 
these salts on the production of dry matter during early stages, becomes more 
significant as the age- cycle is increased. 


Towards the close of the life-cycle it is to be noted that the plants growing in 
the nutrient media exhibit varying degrees of dry weight accumulation (Table I) 
In view of the observations thus coUected it may be remarked that some of the 
culture solutions are decidedly useful in inducing greater dry matter yield whereas 
others exhibit only harmful effects leading to decreased dry matter formation to- 
wards the close of the life-cycle. Thus sodium, zinc, aluminium and mano-anese 
chlorides when supplied in O'Ol and 0*005, 0*0005 and 0*0001, 0*0001, and 
0 • OOOlif concentrations respectively induce greater dry matter yield which ra nues 
between 0*5840 grm. to 0*6130 grm. in different cases (Table I) as compared to 
the control possessing 0*5480 grm. dry weight. At concentrations other than 
these the above four chlorides exhibit decidedly toxic influence inasmuch as the 
age-cycle is cut short as well as the dry matter yield is diminished. In contrast 
to these iodine and cobalt chlorides seem to have greater toxic effects and as such 
in none of the concentrations used, does the dry matter yield become equivalent 
to that obtained in the control plants, even though in certain cases the age-cycle 

chloride, however, the dry matter yield under 
0 *0005Jf concentration is almost equal to that of the control. ^ 
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The verdict of these statements leads us, therefore, to the view that only a 
few of these non-essential elements available in very dilute concentrations in- 
fluence dry matter formation to some extent and as such they may be said, in 
general, to have very little significance of practical utility, since their presence 
in very small quantities in the seed or soil may be sufficient to stimulate the for- 
mation of various organic and inorganic constituents determining plant growth. 
To test how far the synthesis of various organic material is influenced by the availa- 
bility of these elements the final chemical analysis of the plants growing in different 
culture solutions has been carried out with respect to the various carbohydrates 
(glucose, sucrose and starch) and nitrogen. 

In majority of these cases the percentage of glucose does not reach to that ex- 
tent as obtained in the control plants (Table II). In case of sodium chloride 
alone the percentage of glucose under O'Olif reaches a slightly higher value 
than that of the control. Lithium, aluminium and manganese chlorides under 
0*0005, 0*0005 and 0*0001, and 0*0001illf respectively are capable of bringing 
the glucose content of plants very nearly equal to that of the control. Other 
chlorides, however, are decidedly injurious in this direction. 

As regards the sucrose content, in none of the experimental sets it is of the same 
order as in that of the control plants, although in certain cases, higher or lower 
values approaching this limit are obtained. Starch on the other hand, bahaves 
in an entirely different manner. In majority of the sets the starch content of 
plants is higher than that of the control. This substance is thus capable of ac- 
cumulation to a greater extent in presence of these chlorides which may thus be 
said to have served directly or indirectly in the increased S3mthesis of starch or 
its greater accumulation in plants. 

The total carbohydrates, however, show no greater rise than the control 
plants in the different series of experiments except under 0 * Olilf sodium chloride, 
0*005Jf lithium chloride, 0*0005ilif zinc chloride, and O’OOOllf manganese chloride^ 
These concentrations of the above four chlorides appear to have greater stimula- 
tive effect than their other concentrations. In the cases of other chlorides the 
different concentrations experimented upon, appear to be toxic in their effect, 
bringing about a decline in the carbohydrate content of the plant tissues. 

The total nitrogen, too, undergoes similar response inasmuch as, in maj ority 
of the cases its content never reaches the limit attained by the control plants except 
in 0 * Ollf and 0 * 005iir of zinc chloride and 0 * OOOlilf of aluminium chloride. 

It may be remarked here that in discussing the data on the chemical analysis 
of plant material the economic aspect has mainly been taken into consideration 
as examined by the values obtained towards the close of the life-cycle. It is, 
however, necessary to point out at this stage that the age-cycle in different solu- 
tions has never been a common feature throughout the entire series of experimen- 
tation, Curiously enough in certain cases, at least, the carbohydrate and nitro- 
gen contents of the plant tissues reach the same order in the short-lived plant 
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as that obtained for long-lived ones and sometimes surpass the latter in this res- 
pect. It thus appears that with the shortening in the age-cycle the synthesis and 
accumulation of these materials start at a slightly greater rate to compensate the 
deficiency and to bring the plants into one level of organic and inorganic content. 
The entire series of chemical changes occurring in the long-lived plants thus 
attain similar magnitude within a shorter range, in the short-lived ones. From a 
physiological point of view, therefore, the rate of their formation may be greater, 
but from an economic point of view the final outturn never appears to be paying 
and as such it cannot be claimed that the majority of these elements have stimu- 
lative effect upon the chemical changes attendant upon growth, although in 
the very strict sense the greater rate of the synthesis is sufficient justification of 
their stimulative effect in these directions. 

The physiological role of these elements thus appears to be of no definite 
nature inasmuch as the stimulative and beneficial effect in one direction is counter- 
acted by the baneful effect in others and as such it becomes a difficult task to 
stress with any degree of certainty the exact physiological role of these elements. 


Summary 

The investigation reported in the present paper is taken up with a view to 
studying the effect of some of the so-called non-essential elements employed in the 
form of their respective chlorides. Triticum vulgare {var, Pusa 4) has been used 
for experimentation. The different cultures have been divided into a number of 
series, the first being designated as the control, while the rest include the chlorides 
supplied in four different concentrations ranging from 0 * 01 to 0 * 0001 if strength. 
The experiments have been conducted under rigidly controlled environmental 
conditions. Factors other than the concentration of chlorides are kept above 
their limiting value such that the variations observed may wholly be accoun- 
ted for on the basis of the concentration of the various chlorides used for experi- 
niental purpose. The changes introduced as a result of the application of the 
various chlorides have been studied in terms of certain morphological and compo- 
sitional variations, via:., shoot and root length, assimilating surface, dry matter 
production, and the different carbohydrates and nitrogen accumulation, etc. 
The following inferences are drawn from the observations recorded herein : 


Salts Concentrations 


Effect 


CoClji { 


O-.OIM 

0-005M 

OvOOOSM 

O'OOOlilf 


Extreme toxicity ; a characteristic coloration of leaves ; 
plants die within thirty -six hours of application. 

Severe toxicity ; plant survive for about a week after ap- 
plication. ^ 

Mild toxic effect ; pi nts survive for about three weeks after 
application. 

Feeble toxicity ; plants complete their life cycle with earlier 
ear formation but final dry matter yield is below the 
control, 
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'1 ^ 


ZnCia < 


O-OlJf 

0'005M 

0*0005ilf 

O-OOOIM 

O-OlikT 

0-005M 

0-0005M 


O-OOOlilf 

f O-OIM 
O'OOSM 


AICI 3 -{ 0-0005ikf 


O-OOOIM 
f Q'OIM 


MnCla 


LiCl ^ 


HaCl < 


0-005M 

0-0005M 

O-OOOlikf 

0 OIM 

0-005Jlf 

O'OOOSM 

0 * 0001 M 

O-Olikf 

o-oo5ikr 

0-0005M 

O’OOOlikf 


Severe toxicity ; plants die within a week after addition. 

Severe toxicity leading to the death of plants two weeks 
after application. 

Lessened toxicity ; plants survive for about three weeks 
after application. 

Mild oxieity ; plants complete their life- cycle but the final 
dry matter yield is below the control. 

Severe toxicity leading to the death of plants two weeks 
after application. 

Lessened toxicity ; plants survive for about three weeks 
after application. 

A remarkable stimulative effect ; plants survive for their 
whole life- cycle ; plant growth and final dry matter yield 
is far above he normal. 

Stimulative effect resulting in the vigorous growth of plants 
and increased final dry matter yield. 

Toxic effect ; plants die four weeks after application. 

Toxic effect ; most of the plants die without completing their 
life-cycle while the remaining ones exhibit growth and 
final dry matter yield below the control. 

Stimulative effect ; plants survive for their whole life- cycle 
but with a final dry matter jdeld which is below the 
control. 

A better stimulative effect ; the growth and final dry matter 
yie^d is far above the normal. 

Toxic effect ; plants die before completing their life -cycle. 
Poor stunted growth with greatly diminished dry matter 
yield. 

Toxic effect ; growth and final dry matter yield much below 
normal. 

Slight toxicity ; growth and final dry matter yield more or 
less equal to the normal. 

Stimulative effect ; plant growth and final dry matter yield 
are above the normal. 

Toxic effect ; plants exhibit poor growth and final dry matter 
yield is below the normal. 

No toxicity ; growth and final dry matter yield is more or 
less equal to the control. 

No toxicity ; the general vigour and final dry matter yield 
is almost equal to the normal. 

Retardation in growth and final dry matter yield which 
is below the control. 

Stimulative effect. Better plant growth and greater final 
dry matter yield than the control. 

Lessened stimulative effect. The growth and final dry 
matter yield is above the control. 

No stimulative influence. Final dry matter yield is more 
or less equal to the control. 

Slight retardation both in growth and final dry matter yield. 


The accumulation of the different carbohydrates towards the close of the life- 
cycle varies with the type and concentration of the chloride supplied. The glucose 
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content in sodium chloride under is greater while in lithium, aluminium 

and manganese chlorides under 0*0005, 0*0005 and 0*0001, and 0*0001ikf concen- 
trations respectively, it is almost equal to that of the control. The sucrose content 
is in almost all cases below the control. The starch content, in maj ority of the sets, 
is higher than that in the untreated plants. The total carbohydrates in case of 
sodium, lithium, zinc and manganese chlorides under 0*01, 0*005, 0*0005 and 
0*0001Jf respectively, is higher than that in the control. 

Nitrogen content in practically all the treated plants is lower than that in 
the control, zinc chloride being the only exception in which case 0*01 and 0*005Jf 
concentrations appear to be useful. 
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Table I 


£en(flh of root and shoot, leaf area and dry weight per plant at successive stages of growth 
o/Triticum vulgare (var. Pvsa 4) in different culture solutions 


Days 

Root length | 

Shoot length 

Leaf area 

Dry weight 


(cm.) 1 

1 

(cm.) 

(sq. cm.) 

(grm.) 


Lithium chloride (O'Olif) 


7 

7-8 ! 

6.3 

8*5 

0* 0202 i 0*0004 

14 

8-2 1 

7*5 

14.2 

0*0432± 0*001 t 

21 

9*4 * 

8*15 

19.8 

0*0861±0*001 i 

28 

11*7 

11*45 

24.65 

0*1683±0*005 1 

35 

13*5 

13*8 

28*55 

0.2871±0*003 

42 

13*7 

14*5 

30*7 

0*3785±0*002 

49 

14*8 

14*6 

30*7 

0*4462±0*011 ^ 

56 

14*8 

14*6 

30*7 

0*4802±0*015 


Lithium chloride 

( 0*005 M) 

1 

■ ■ ■ 1 

7 

7*9 

6* 1 1 

8*8 

0*0202± 0*0004 ! 

14 

8*3 

1 7*2 ! 

15*6 

0*0687±0*001 

21 

9*1 

i 8*8 

22*4 

0*1087±0’001 

28 

12*2 

1 14*4 

27* 2 

0*2052i0*005 

35 

13*9 

18*3 

30* 68 

0* 3201 ±0*006 

42 

14*5 

20*5 

32*54 

0*4280±0*011 

49 

17*2 

22*6 

33*4 

0*4882±0*014 

56 

17*2 j 

22*6 

33*4 

0*5430±0*015 


Lithium chloride (0*0005 M) 


7 j 

7*7 

6* 3 

8*7 1 

0*0202± 0*0004 

14 1 

8’ 1 

8*1 

16*2 I 

0*0684±0*001 

21 ■ 

9*7 

13*6 

22*9 

0*1287±0*002 

28 

12*8 

19*3 

29*5 

0*2321±0*004 

35 

13*7 

22*9 

35*8 

0*3387±0*006 

42 

14* 9 

23* 8 

40*20 

0*3868 ±0*008 

49 

18*7 

24*9 

42*0 

0* 5361±0*015 

56 

18*7 

24*9 

42*0 

0*5470±0*015 


Lithium chloride ( 0*0001 M) 


7 

1 8*1 

6*0 

1 8-6 

0*0202± 0*0004 

14 

8*4 

7*1 

14-4 

0*0587±0*001 

21 

9*1 

11*5 

21*6 

0*0927 ±0*002 

28 

11*9 

16* 9 

28*2 

0*1866± 0*004 

35 

13*2 

19*5 

32*6 

0*3057 ±0*007 

42 

14*6 

20-2 

38*8 

0*4108±0*011 

49 

17*5 

21-8 

40-0 

0*4603± 0*012 

56 

17*5 

21*8 

. I 

40*0 

0*4960±0*012 
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Table 1—cfftvtd. 


Days 

Root length 
(cm.) 

Shoot length 
(cm.) 

Leaf area 
(sq. cm.) 



Sodium chloride 

(0-01 M) 

7 

8‘0 

6*2 

9*6 

14 

8-4 

8*0 

18*9 

21 

9*8 

13*7 

26*7 

28 

11-9 

22*4 

33*4 

35 

13*2 

24*8 

38-6 

42 

14*6 

25*6 

39*8 

49 

16*8 

26*8 

44*5 

56 

17*5 

26*8 

44*5 


f; 

iodium chloride (0*005 M) 

7 

8*3 

6*4 

9*4 

14 

8*6 

7*9 

18*1 

21 

9-4 

12*8 

24*3 

28 

15*1 

20*9 

29*9 

35 

16*8 

23-1 

35*4 

42 

17*3 

23-8 

36*9 

49 

20*8 

25*2 

42*7 

56 

20*8 

25*2 

42-7 


Sodium chloride (0-0005 M) 

7 1 

8*1 

6*1 

9*7 

14 1 

8*5 

7*2 

18*0 

21 i 

9*2 

11*9 

23-8 

28 

15*7 

18*6 

29*2 

35 

16*9 

22*8 

34-7 

42 !' 

18*7 

23*4 

35-8 

49 

21*5 

24*9 

42*0 

56 1 

21-5 

24-9 

i 42*0 


Sodinra chloride (0*0001 M) 

7 

7*8 

5*9 

9*4 ; 

14 

8*3 

7*0 

17*9 

21 

9*5 

12* 1 

23*8 

28 

16*1 

18*4 

28* 8 

35 

17-2 

22*3 

34*2 

42 

18*7 

23* 1 

35*4 

49 

21*2 

24-1 

41*2 

56 

21*2 

24*1 

41-2 


AJ-hminium chloride (O' 01 If) 

7 

7*7 

6*1 1 

8*6 

14 

7*7 

6-6 ! 

16*5 j 

21 

7*8 

6-6 1 

18*7 ! 

28 

7*8 

6*7 

18*7 1 

35 

7*8 

6*7 

i 

18-7 


Dry weight 
(gmi.) 


0-0202± 0-0004 
0-0685±0-001 
0-1601 ±0-004 
0-2785± 0-006 
0-3792± 0-009 
0-4801±0-012 
0-6602± 0-015 
0-6034± 0-016 


0-0202± 0-0004 
0-0621±0-001 
0- 1502± 0-004 
0-2504± 0-006 
0-3400± 0-011 
0-4250 ± 0-012 
0-6288±0-013 
0-5860± 0-014 


0-0202± 0-0004 
0-0587±0-00l 
0-1483± 0-003 
0-2396± 0-006 
0-3107± 0-008 
0-4003±0-011 
0-5018±0-013 
0-5420±0-014 


0-0202 ± 0-0004 
0- 0584± 0-001 
0-1407±0-004 
0-2374± 0-006 
0-3002±0-007 
0-3946± 0-011 
0-4973±0-012 
0-6410±0-014 


0-0202± 0-0004 
0-0405±0-001 
0-0812±0-002 
0-1457±0-004 
0-2368±0-006 


(Plants were killed due to toxicity of this solution). 
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Table I — contd. 


Days 

Root length 
(cm.) 

Shoot length 
(cm.) 

Leaf area 
(sq, cm.) 

! 

Dry weight 

(grm.) 


1 

Aluminium chloride (0*005 M) 


7 

8-0 

6*2 

8*9 

0*0202± 0*0004 

14 

8*0 

6*9 

16*3 

0*0501±0'001 

21 

8*1 

9*2 

20*1 

0*0924± 0*002 

28 

8-2 

13*7 

22*4 

0-1632±0'004 

35 

8*2 

15*9 

22*9 

0-2503±0*006 

42 

8-2 

16*4 

23*6 

0*3321 ±0*008 

49 

8-3 

16*8 

23*8 1 

0*4001±0*011 

56 

8*3 

16*8 

24*8 1 

0*4120±0*011 


Aiuminium chloride (0 • 0005 M) 


7 

8*2 1 

6*2 

8*5 

0*0202± 0*0004 

14 

8*2 

7*2 

18*9 

0-0681±0-001 

21 

8*3 

9*4 

25*8 

0*1201 ±0*003 

28 

8*3 

15*3 

35*1 

0-2004± 0-005 

35 

8*4 

19*1 

39*2 

0-3071±0-007 

42 

8*4 

20*8 

41*3 

0*4172±0*011 

49 

8*5 

22*2 1 

42*2 

0*4853±0*012 

56 

8*5 

22*2 J 

42*2 

0*5102±0*013 


Aluminium chloride (0*0001 M) 


7 

7*9 

1 6*4 

r 8*8 

1 0*0202±0*0004 

14 

7*9 

8*0 

20-5 

1 0*0675±0*001 

21 

8*0 

14*8 

i 26*2 

0*1052±0*002 

28 

8*3 

16*2 

36*2 

0‘1957± 0*005 

35 

8*4 

19*9 

40-4 

0*3201 ±0*008 

42 

8*6 

21*8 

42*7 

0*4507±0*012 

49 

8*7 

24-0 

44*0 

0*5510±0*014 

56 

8-7 

24*0 

44*0 

0*5910±0*014 


Manganese chloride 

(O-Ollf) 


7 

7*7 

5*8 

9*7 

0*0202± 0*0004 

14 

9*2 

7*1 

15*8 

0*0403 ±0*001 

21 

11*4 

7*2 

18*2 

0*0687± 0*001 

28 

15*1 

7*3 

19*4 

0*1403±0*004 

35 

15*9 

7*4 

20*2 

0*2709±0*006 

42 

16*2 

7*5 

20*2 

0*3007± 0*007 

49 

18*2 

7*5 

20*2 

0*4100 ±0*011 


(PlantB were killed due to toxicity of this solution). 


Manganese chloride (0'005Jf) 


7 

7*9 

j 5*9 

9-3 

0*0202 ±0*0004 

14 

8*7 

1 7*2 

15*9 

0*0428±0*001 

21 

10*8 

f 8*4 

20*3 

0-0803± 0-002 

28 

13*9 

10*7 

21*8 

0* 1521 ±0*004 

35 

15*2 

10*8 

22*2 

0-2403±0-006 

42 

15*7 

10*9 

22*5 

0-3286± 0-008 

49 

18*2 

10*9 

22*5 

0-4260±0-0ll 

56 

18*3 

10*9 

22*5 

0-4480±0-012 
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Table I — conti. 


Days 

Root length 
(cm.) 

Shoot length 
(cm.) 

Leaf area 
(sq. cm.) 

Dry weight 
(grm.) 


1 ‘ 1 

Manganese chloride (0*0005M) 


7 

7*8 

6*2 

9*2 

j 0 * 0202 i 0*0004 

14 

8*6 

7*3 

17*4 

0 - 0489 ± 0-001 

21 

13-8 

9*1 

26*4 

0 - 0962 ± 0-002 

28 

15-6 

14*5 

33*6 

0 * 1802 i 0*004 

35 

19*3 

18*9 

38*9 

0 * 2681 ± 0 * 006 

42 

19*5 

21*8 

40*6 

0 * 3783 ± 0*009 

49 

21-4 

24*2 

42*0 

0*4867 ± 0*012 

56 

21-4 

24*2 

42*0 

0 - 6390 ± 0-013 


Manganese chloride (0*000 Ilf) 


7 

8*0 

[ 6*0 

9*4 

0 - 0202 ± 0-0004 

14 

9-8 

7*9 

18*2 

0 * 0598 ± 0*001 

21 

14-5 

13*7 

28-3 

0 - 1203 ± 0-003 

28 

19-4 

18*9 

35*2 

0 - 22104 : 0-005 

35 

20*8 

22*7 

40*4 

0 - 3146 ± 0-007 

42 

21*2 

24*1 

43*4 

0 - 4638 ± 0-012 

49 

24*6 

25*8 

43*9 

0 * 5287 ± 0-013 

56 

24*8 

25*8 

44*0 

0 - 6840 ± 0-014 



Zinc chloride (0*01ilf) 


7 

7*8 1 

6*0 

8*8 

0-0202 ± 0-0004 

14 

7*9 

6*4 

11*3 

0 - 0652 ± 0-001 

21 

8*3 1 

6*9 

12-1 

0 - 1482 ± 0-004 


(Plants were killed due to toxicity of this solution) 



Zinc chloride (O’OOSJf) 


7 

8*2 

6*2 

9*1 

0 * 0202 ± 0*0004 

14 

8*6 

6*3 

13*2 

0-0601 ± 0-001 

21 

9*1 

7*0 

15*7 

0- 1268 ± 0-003 

28 

9*5 

7-4 J 

16*4 

0 - 2160 ± 0-006 


(Plants were killed due to toxicity of this solution) 


Zinc chloride (0*(X)05Jf) 


7 

8*0 1 

6*9 

9*4 

0 - 0202 ± 0-0004 

14 

8*6 

7*8 

18 * 8 . 

0 - 0599 ± 0-001 

21 

9*8 

1 12*9 

27-8 

0 * 1187 ± 0*003 

28 

11*2 

20*7 

34*6 

0 * 1943 ± 0*004 

35 

12*5 

23 * 3 

49-8 

0-3361 ± 0-008 

42 

13*1 

23*7 

43-8 

0 - 4604 ± 0-012 

49 

15*7 

24*7 

44-5 

0 - 5764 ± 0-014 

56 

15*8 

24*7 

44-5 

0 - 6130 ± 0 - 0 I 5 
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Table I — contd. 


Days 

Root length 
(cm.) 

Shoot length 
(cm.) 

Leaf area 
(sq. cm.) 

Dry weight 
(grm.) 



Zinc chloride (O’OOOlJf) 


7 

7-9 

6-1 

8-7 

0-0202 ± 0-0004 

14 

8*3 

7-9 

17*5 

0-0578±0-001 

21 

9*9 

13*7 

25-6 

0*1125±0-003 

28 

12*4 

15*9 

32' 8 

0-1843±0-004 

35 

13*8 

2M 

38*6 

0-3201±0-007 

42 

14- 0 

22*2 

42*0 

0-4423±0-0H 

49 

17*8 

23-1 

42*8 

0- 6280±0-013 

50 

17-8 

23-2 

42-8 

0-6820±0-014 



Cobalt chloride 

(O-Olli) 



(Plants were killed within 36 hours in this solution) 


Cobalt chloride (0*005 M) 


7 

7*9 

6-2 

8*7 

0-0202± 0-0004 

14 

7'9 

6*4 

9*5 

0-0361±0-0007 


(Plants were killed due to the toxicity of this solution). 


Cobalt chloride (0 • 00051f) 


7 

8-4 

6*4 

8*8 

0-0202± 0-0004 

14 

8*6 

6*6 

13*5 

0-0501±0-001 

21 

8*7' 

6*6 

20*2 

0*0987± 0*002 

28 

8‘7 

6*9 

23*8 

0*1262±0*003 


(Plants were killed duo to toxicity of this solution) 


Cobalt chloride (0-000L¥) 


7 

8*2 

6*1 

9*2 

0-0202± 0-0004 

14 

8*2 

7*5 

17*8 

0-0632±0-001 

21 

8*3 

13*2 

25*7 

0-H83±0-003 

28 

8*3 

16*7 

33*8 

0-1703±0-004 

35 

8*4 

18*9 

37*4 

0-2681 ±0-006 

42 

8*5 

18*9 

38*9 

0-3786± 0-009 

49 

8*6 

20*2 

39*2 

0-4552± 0-012 

56 

8*6 

20* 6 

39*4 

0'6120±0-013 



Iodine chloride 

(0*01i¥) 


7 1 

8*2 1 

1 ^ ^ 1 

1 8*6 

1 0-0202 ±0-0004 

14 , , 1 

■ 8*2 1 

1 6*0 1 

1 10*0 

1 0-0387± 0-0007 


(Plants were Idlled due to toxicity of this solution). 


Iodine chloride (O'OOSilif) 


7 ! 

8*1 ■ 1 

6* 1 

8*9 

0-0202 ±0-0004 

14 ' 1 

8*2 ? 

6*3 

10*7 

0-0485± 0-0009 

21 ' ' 

' ' 8*3 ; 

6*4 

11*2 i 

0-0691 ±0-001 


(Plants were killed due to toxicity of this solution). 
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Days 

Root length 

(cm.) 

Shoot length 
(cm.) 

Leaf area 
(sq. cm.) 

Dry weight 

(grm.) 



Iodine chloride (0*0051f) 


7 

8-4 

1 6-4 

1 8*8 

1 0-0202±0*0004 

14 

8-5 

1 6-9 

1 13-0 

I 0*0512±0-001 

21 

8*6 1 

7*4 

20*1 

0-0843±0-002 

28 

8*6 1 

8*1 

23-5 

0^1281 ±0-003 


(Plants were killed due to toxicity of this solution) 
Iodine chloride (0*0001.21/) 


7 

8“ 3 

6*2 

9*0 

0-0202 ±0-0004 

14 

8*3 

8*6 

18*0 

0*0607 ±0*001 

21 

8*4 

9*8 

25*9 

0-1102±0-003 

28 

8*4 

17-9 

34*2 

0*1581±0*004 

35 

8*5 

20-7 

38*0 

0*2680 ±0*006 

42 

8*5 

21*5 

39*8 

0-3810±0-009 

49 

8*6 

22*2 

40*1 

0*4205±0*011 

56 

8*7 

22*2 

Control 

40*5 

0-4621 ±0-012 

7 

8*2 

6*4 

9*7 

0*0202± 0*0004 

14 

8*7 

7*7 1 

18*8 

0*0601 ±0*001 

21 

9*9 

12*9 

26*2 

0*1085±0*003 

8 

16*8 

19*1 

32*8 

0*1821 ±0*004 

35 

19*6 

20 * 8 

37*2 1 

0*2532 ±0*006 

42 

20*2 

22*5 

38*7 

0*3487 ±0*008 

49 

22*6 

24*4 

42* 5 

0*4501 ±0*012 

56 

22 * 6 

24* 4 

42*8 

0*6480±0*0i3 


Table II 


Content of carbohydrate fractiom, and total nitrogen at the final stage of growth of 
Triticum vulgare (\rar. Pusa 4) in different cultural solutions 


T eatment 

Percentage (dry -weight basis) 

Glucose 

Sucrose 

' Starch 

Total 

carbo- 

hydrate 

Total I 
1 nitrogc'n j 

’ Rema.rks'®* 

! 

AC1(0^01M} . 

14* 32 

6*84 i 

12.60 

33*76 

3*780 

56 

,/l(0*0051f) . 

15*97 

7*23 

: 15*14 

38* 34 

3*720 

56 

„’(0*0005M) 

15*82 

9*85* 

1 16*43 

42*10 

3*590 

56 

„ (O-OOOIM) 

i 13* 94 

i; 

7*64 

1 14*20 

35*78 

3*680 

56 


* The number of this column indicates the number of days the plants grew in 
tl^e different cujtnxe solutions. 


Treatment 


SolEeancb of wheat FlaHt Foe Chlorides '?45 

Table 11 — c ^ ntd . 

Percentage (dry-weight basis) 

rn ■ c Total 

Glucose Sucrose Starch carbo- Total Remarks* 

hydrate nitrogen 


NaCl (O-Olikf) . 

, . (0- 005Jf) 

„ (0- 0005JI4) 

„ (0-0001J4) 

AlCl, (O-Ollf) 

» (0-005i¥) 

„ (O-OOOSJlf) 
„ (0- 0001Jf)j 

MnCla (O-OIM) 

,, (0- OOSlf) 

„ (0- ooosjy) 

» (O-OOOlikf) 

ZnCla (0-Ollf) 

» (O-OOSJlf) 

„ (0-00051f) 

„ (O-OOOliR) 

CoCla (0-Olilif) 

» (0-005il4) 

» (0- OOOSilf ) 

» (0- coolin') 

ici . (o-olin) 

» (O-OOSikf) 

„ (o-ooo6in) 

(o-oooiin) 

Control . 


different culture solutions. 


17*43 

10*96 

15* 625 

16*15 

8*84 

15*42 

15*63 

9*62 

13*21 

14*42 

8*57 

11*88 

15*35 

5*27 

7* 93 

15*86 

8*20 

11*03 

16*12 

9*87 

13*87 

16*48 

10*62 

13*65 

12*29 

1 6*48 

14*12 

13*85 

i 7*93 

15*42 

14*89 

10*21 

13*49 

16*57 

10* 94 

14*24 

12* 29 

6*82 

14*20 

31*85 

5*79 

10*00 

14*88 

11*76 

14*84 

14*20 

10* 12 

13*89 

8*21 

9*19 

7*00 

11*38 

8*01 

12*50 

13*57 

7*15 

10*87 

14*92 

11*94 

13*48 

8*63 

8*12 

11*02 

10* 41 

7*02 

16*50 

14* 12 

6*60 

9*31 

15*05 

6*95 

9*02 

16*58 

11* 16 

13-50 


44-016 

40-41 

38-46 

34-87 


3-615 

3-094 

3-421 

3-613 
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NITROGEN-FIXING CAPACITIES 
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fertilisation of rice fields is seldom practised m Bengal ; yet the crop grows 
here consistently year after year without showing any change in the fertility of 
the soil. Obviously, therefore, there is the natural recuperation of soil niticigen. 
Howard [1924] suggests that the abundant growth of algal film very often observed 
on the surface of the water-logged paddy fields, worldng conjointly with the bac- 
teria within it, may fix certain amount of nitrogen. Experiments in this laboratory 
[De, 19.34] have shown that when water-logged soil is exposed to sunlight, a con- 
siderable amount of nitrogen is fixed. This, however, will form the subject of a 
future communication. The present investigation is undertaken to study the 
fixation of nitrogen in the paddy soils under dry cultivated conditions. 

Expeuimentab 

Six soil samples, representative of paddy soils in Bengal, were selected for the 
present work. They were obtained from the unmanured paddy fields of the 
following districts — Barisal, Birbhum, Dacca, Earidpur, Rajshahi and Bangpur. 
Soils from Dacca and Earidpur were locally collected while the remaining four 
wmre kindly supplied by tlie respective District Agricultural Officers. 

Samples (0 hi. — C in.) were air-dried, passed through one-mm. sieve and then 
preserved in stoppered glass containers for use in the following experiinonts. A 
short description of the type of the soil, the pH and the C:N ratio are given in 
Table I. 

Table I 


Soil 

Type 

, 

C:N 


Barisal 




Deltaic 


8-8 

■■■ 'O-OO'. 

Birbhum 




Lateritic 

» ■ ■ ■ * 

10*3 

7-26 

Dacca , 




i Lateritic 


9*3 

6- 11 

Faridpur 




Alluvial 

♦ . 1 

10*3 

8-19 

Bajshahi 

, , 



Calcareous , 

« ' 


8- 36 

Bangpur 

• 





10*2 

6-36 


( 746 ) 
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NiTEOGEN-FIXING capacities of the SOII.S 

In til e present experiment the nitrogen-fixing capacities of the above six soils 
were determined hj the use of both large silica gel plate method of Winogradsky 
[1926] and the solution method. In the latter method the cultures are generall 3 ^ 
incubated for a long period. Gainey and Briscoe [1933] have shown that the differ- 
ences in the relative nitrogen -fixing capacities of soils, as determined by the amo unt 
of nitrogen fixed in culture media, can be detected only when the incubation period 
is relatively short; on prolonged incubation these differences disappear. It is 
therefore, necessary first of all to select a period of incubation suitable for determin- 
ing the nitrogen-fixing ca-jiacity of soils h}^ the solution method. 

Himdred-c.c. lots of Ashby’s medium, after sterilisation, were inoculated with 
one-gram portions of Barisal, Faridpur and Rajshahi soils which are kno wn to contain 
AzotohacUr, The cultures were incubated at and at the end of 4th, 

5th and 7th day, the amount of nitrogen fixed were determined. The results are 
given in Table 11. 

Table II 

Blioid'ng the effect of varying lengths of incubation period on the fixation of nitrogen in 

the culture solution 

I 

I Period of incubation 


4 days 

i 

5 days 

7 days 

Barisal * 

. 

• . . 

5*6 * 

6*4 

1 

6-9 

Faridpur 

* 

• 

6-2 

7-5 

8*6 

Rajshahi 

. 

• 

7*6 

8*2 

8*7 


The figures represent milligrams of nitrogen fixed and are the averages of 
three determinations. 

It will be seen that although marked ditlerenees in the nitrogen -fixing capacities 
of the throe soils were observed after an incubation period of four days, these 
differences gradually faded as the incubation was prolonged with the result that 
after seven days the dilTerences betw^een Faridpur and Bajsbahi soils entirely 
disappeared. It was, therefore, decided to use an incubation period of four 
da^^s in all studies on the fixation of nitrogen with solution method. 

The nitrogen-fixing capacities of the above soils are given in Table III. 
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Showing the nitrogen-fixing capacities of the soils when tested bij (7) silica ad M 

method, (2) solutwa nwthod ' 


Mg. of isr fixvd in 
100 c.e. of jBoliitioii 



Faridpur 

Bajshahi 

Barisai 

Birbhtun 

Bangpur 

Dacca 


.FrXATI02^ OK NlTJROUIjJN IN SOIL 
The results recorded in Table III while indicating the relative activities nf 
le nitrogen-fiNing flora of different soils, give absolutely no idea as to the 

“‘i *" ““■'“ilits.lf under n.tup.I condition,: 
^ P Pre‘‘>ence or absence of active nitrogen-fixdng organisms the fixa 

tmn of nitrogen m soil is controlled by other flctors sLh^as ^’^ 1 " 
available phosphate or nitrogen, reaction of the soil and the competition amoirst 
the organisms for available energy. The object of the following experiment vS! 
nd out whether measurable amount s of nitrogen are fixed in the soils when 

loSdl r^h Itwm bo 

1 • 4 - 1 , c<^^ditions correspond to those prevailing in the naddv fiehk 

d^ng the wnter the snil, reurnin dr/und fnllL TjlV a 

lect of the nddibon of pkiit r»,iduas on the fijintion of nitrogen in reuidv 
soils was considered important as the roots, stiil.bles and a +T ‘ 

three beafes of 400 ol oapTly 

(1) No treatment (120 grms. of soil). ^ 

( 2 ) As ( 1 ) + 0-1 gnn. K 2 HPO 4 + 0-1 grm. CaCOj. 

( 8 ) As (2) + 2 grms. of powered rice straw. 

tor at a temperature of 3'>“C it '* ‘I'd inouha- 

np and the L trugS' '.tS'l 


Table IV 

Showing the amounts of nitrogen fixed in different 
(Milligrams of nitrogen in 10 grms. of dry soil) 
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Table V 

From these results the amounts of nitrogen fixed in pounds per acre are calculated , 
assuming that the weight of soil per acre up to a depth of 6 in. is 2,000,000 lbs . 

Amotints of fixed in different soils expressed as lbs. per acre 


Soil 

Control 

Ca + P 

Ca + P +S 

Dacca 





120 

120 

120" 

Faridpiir 

, 

• 



100 

100 

100 

Barisal 


, 



40 

00 1 

20 

Rangpur 

, 

• 



' 40 

60 

40 

Rajshahi 

• 

.. 



0 

10 

40 

Birbhum 

• 

• 

• 


0 

—■10 

10 

I 


In the interpretation of the above results, difference more than 0* 14 mg. of nit- 
rogen in ten grms, of soil or twenty-eight lbs. in an acre was considered significant. 

From the foregoing observations the following facts emerge : — 


(1) The amounts of nitrogen fixed in the first four soils are more than the 

average amount of nitrogen removed annually the crop. (28 lbs. 
per acre). 

(2) The addition of lime and phosphate in the soil had no marked e lleet on 

the fixation of nitrogen. This show's that tlio lack of available phos- 
phate or the unfavourable soil reaction are not the fiictora inhibit- 
.. ing the fixation of nitrogen in these soils. 

l 3) Excepting in Rajshahi and Barisal soils, the addition of straw had no 
efi'ect on nitrogen fixation. In the former soil, it has stimulated 
nitrogen fixation but in the latter its effect was depressive. 

The results in Tables JIT and V show that the nitrogen-fixing capacity of a soil, 
as determined by the silica gel plate method or solution method, may give an 
entirely wrong idea about the actual fixation of nitrogen in the soil itself under 
natural conditions. For example, Rajshahi soil fixed the largest amount of nitrogen 
in culture solution and Dacca soil the least but tlieir positions were reversed in 
Table V. The addition of straw did not bring about an increased fixation of nitro- 
gen in most of the soils, indicating that the energy material already present was 
sufficient. Some soils such as Rajshahi and Birbhum, in spite of the conditions 
being made favourable for nitrogen fixation by the addition of phosphate, lime and 
straw, did not show much improvement in the fixation of nitrogen. It would th us 
appear that certain soils, even when harbouring beneficial flora, e.g., Azotobacter^ 
may become permanently inactive in fixing nitrogen and that treatment of such 
soils is not likely to improve their nitrogen-fixing power. Factors responsible for 
such infertility ofthe soil towards the nitrogen-fixing flora are, however, unknown 
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at present. The- fixation of large amount of nitrogen in Dacca soil wHch does 
not contain Azotobacter indicates the possibility of existence in paddy soils of 
very active nitrogen-fixing organisms which have not yet been discovered. 

Influence of sunlight on the fixation of nitrogen in soil 

In the previous experiment on the fixation of nitrogen in the paddy soils, one 
important factor has been ignored, namely the influence of sunlight on the fixation 
of nitrogen in soil. A study of this factor is important inasmuch as some workers 
have claimed that the blue green algae of soil are capable of fixing atmospheric 
nitrogen either independently or in symbiosis with nitrogen-fixing organisms. As 
the influence of algae on the fixation of nitrogen was not manifest in the above 
experiment due to the incubation of the soil in the dark (incubator), it was pro- 
posed to conduct another experiment to see if, on incubating the soil in the light 
and thus facilitating the growth of algae, the fixation of nitrogen in the soil could bo 
increased. For this purpose 100-grm. portions of Farid pur soil were taken in a 
number of beakers with covers some of which were thickly painted outside by Japan- 
black. The moisture content of the soil was maintained at eighteen per cent 
throughout the experiment. The results of nitrogen determinations showed that 
there is no significant difference in fixation of nitrogen in the two treatments after 
exposure to sunlight for a month. 

Influence of wATEB-LooGiNa on the nitrogen-fixing capacity of soil 

As rice fields remain submerged for a long period daring the growth of the crop, 
it was thought that water-logging might profoundly modify their nitrogen- 
fixing capacities by altogether destroying the strictly aerobic nitrogen-fixing orga- 
nism and by encouraging the growth of those thriving well under anaerobic 
conditions. To investigate this point, the following experiment was done in which 
the nitrogen-fixing capacity of dry cultivated soil was compared with that of the 
corresponding water-logged soil by the solution method using an incubation 
period of four days. 

One hundred grm. of Faridpur soil were placed in a beaker and incubated at 
33°C. after the moisture content had been adjusted to eighteen per cent on dry 
basis. The soil was frequently stirred to facilitate gas exchanges and the loss in 
moisture was made up by the periodic additions of water. At difiFerent intervals, 
samples were withdrawn by a sterile cork borer and after having determined the 
moisture contents, one-gram portions of soil on dry basis were inoculated into each 
of three flasks containing 100 c.c. of Ashby’s mannite solution. After four days’ 
incubation at 33°C., the contents of the flasks were analysed for total nitrogen. 
For the determination of the nitrogen-fixing capacity of the water-logged soil, 
a number of test-tubes each containing one gram of soil on dry basis and 5 c.c. of 
distilled water were incubated at 33®G. For each experiment, three test-tubes 

were removed and the contents, after thorough shaking, were separately poured 

' ' ■ " ■ ■ ’■ ■ 
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into three flasks each containing 100 c.c. of mannite solution. Total nitrogen 
was determined as before after four days’ incubation. The results show that the 
activities of the nitrogen-fixing organisms of soil were depressed to some extent 
under water-logged conditions. 

Table VI 

Showing the effect of waterlogging on the nitrogen-fixing capacity of soil Figures 
represent milligrams of nitrogen fixed in 100 c,c, of culture solution. 


Days after incubation 

Dry cultivated 
soil 

Water-logged 

soil 

Difference 

3 . 

5-8 

5-0 

0‘8 

10 . . . . • • • 

7*6 

5-8 

1-8 



8-0 

6-0 

2-0 

20 . 

8-5 

6-3 

2^2 


Figures are the averages of three flasks. 

Baotebiological examination of the soils 
The fixation of nitrogen in ordinary arable soils is supposed to be the result 
of the activities of Azotobacter and B. amylobacter which commonly occur in soils 
and are considered to be very active nitrogen fixers. There is another group of 
nitrogen-fixing organisms known as B. radiobacter which is present in soil in so 
great abundance that its role in the fixation of nitrogen in soil cannot be overlooked. 
But in the paddy soils, because of the swamp conditions prevailing for about half 
the year, the fixation of nitrogen might not be brought about by the same agents 
as those in normal soils. Accordingly the determination of the relative abundance 
of the above three groups of organisms in different soils was made to find out 
whether the amounts of nitrogen fixed were related to the number of nitrogen- 
fixing organisms in those soils. The following methods were used for counting the 
organisms : — 

Azotobacter. — The method is essentially the same as that described by Wino- 
gradsky [1926], the only difference being that agar plates were used in place of 
silica gel plates. It has been shown by Curie [1932] that result obtained with 
agar plates were suflo-ciently uniform to permit a quantitative comparison of the 
Azotohacter flora of different soils. 

B. radiobacter, — ^The method originally devised by Smith [1928] and subse- 
quently modified by Starky [1929] was used for counting the number of ra&b- 
bacter. In the original method of Smith, the diluted soil suspension (100 c.c.) 
is treated with 0 *5 c.c, of 0 * 1 per cent crystal violet and one-c.c, portions of the 
suspension are plated out. Starky’s modification consists in adding the dye (one 
0 . c. of 0* 1 per cent solution) to 100-c. c. portions of the medium immediately be- 
fore plating. It may be noted that the concentration of dye in Starky’s medium 
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is ten times greater than in Smith’s. The advantage of Starky’s method is that 
the colonies appearing on the plates are mostly of B. mdiohacter, which can be 
easily distinguished from the contaminating growth. 

B. amylobacter . — The number of B, amylobacter in soil was determined by 
dilution method adapted from one in use in the General Microbiological Depart- 
ment of the Rothamsted Experimental Station. The method depends on setting 
up duplicate cultures containing one c.c. of each of a series of thirteen half-and-half 
dilutions of a well-shaken soil suspension of known strength in 15 c.c. of a 
nitrogen-free agar medium [No 11, Waksman and Fred, 1928]. After incubating 
anaerobically at for a week, the cultures were examined. By noting the 

number of cultures from which the organism is absent it is possible to estimate 
statistically the number of orgnisms per gram of soil. The statistical tables con- 
structed by Fisher [1922] were used for this purpose. The following table gives 
a detailed record of the cultures made from Faridpur soil in order to illustrate the 
method of setting up the cultures for the purpose of obtaining information about 
the frequency of the organism in soil. 

Table VII 


Degree of dilution of soil suspension 

Culture number 

Growth 

1 : 60 





. 


n 

+ 








2/ 

+ 

1 ; 100 

, 

, 

, 

, 

. 


11 


+ 








2. 


+ 

1:200 







1\ 









2/ 

-4- 

1 : 400 







1\ 









2/ 


1 : 800 






. 

1-L 

+ 








V 

r 

-f 

1 : 1600 . 







1- 










2j 


+ 

1 ; 3200 . 

















2J 


-j- 

1:6400 . 







11 


+ 








2J 

r 

4* 

1:12800 . 







11 

L ■ 

. — , 








2J 



1:26600 . 







1" 

L- 

4“ . . 








2, 



1 ; 61200 







1" 

L 

_ 








2, 


— , 

1 ; 102400 







11 

L 









2^ 


— .. 

I ; 204800 








r 

■ ^ ' _ . ■ 








■ 

r 



Number of sterile tubes=8. 


Number of bacteria per gram of soil==10,600. 

(From Fisher’s table), 
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Table VIII 


Showing the number of nitrogen-fixing organisms per gram of soil 


Soil 

Azotobacter 

colonies 

B. amylobacter 

B. radiobacter 

Faridpur . . 

1310 

10,600 

48,125 

Bajshahx 

2740 

23,000 

34,375 

Barisal . , . . j 

144 

118,000 

5,000 

Birbhum .... 

1 Nil 

2,600 

25,000 

Rangpur .... 


22,000 

Very few 

Dacca . . . . 

>> 

32,000 

Nil 


Seabch eob new nitbogen-eixing obganisms 

It has already been pointed out that the organisms fixing nitrogen in the paddy 
soils might not be the same as those occurring normally in ordinary dry cultiyated 
soils. Justification for such an assumption is further obtained from the fact that 
Dacca soil fixed the greatest amount of nitrogen (Table V) in spite of its low content 
of nitrogen-fixing flora as compared with those in Faridpur, Barisal and Rajshahi 
soil (Table VIII) . Accordingly a search was made for the presence of new nitrogen - 
fixing organisms in all the six soils used in the present investigation. For isolation 
of the organisms both Winogradsky’s nutrient silica gel plates and Ashby’s agar 
plates were inoculated with small particles of soil. The plates were then incubated 
at 33°C. and examined daily. After six days’ incubation it was noticed that 
a large number of raised and transparent colonies were appearing along with 
those of Azotobacter in the plates inoculated with Faridpur soil The colonies 
were so tenacious that a part of it could not be removed by rubbing with platinum 
needle. Microscopic examination of the growth showed the presence of very 
large, encapsulated, spore-forming rods. For purification, a little growth was 
boiled with sterile water for two minutes and the hot suspension plated on 
Ashby’s agar. In about three days, raised transparent colonies appeared all 
over the plates. The process was repeated once more to ensure the purity of the 
culture. The organism made very good growth on Ashby’s agar plate but the 
growth in Ashby’s solution was relatively much poor. The organism which has 
the following characteristics does not appear to have been described in Bergey’s 
manual. 

1. Large encapsulated rods generally occurring in packets ; Length 5. Op, 

with the capsule and 1.5p. without capsule. 

2. Gram -positive and non-motile. 

3. Spore-forming, 

{Strictly aerobic. 

5. Nitrate reduced to nitrite. 
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6. Formation of gas and acid in nitrogen-free glucose medium. 

7. Milk curdled. 

8. Broth sligMly turbid. 

9. Fair growth on potato, colonies greyish brown in colour, 

10. Amount of nitrogen fixed on agar plate for every gram of mannite 
decomposed — 5 mgs. 

Dacca soih — On both silica gel plates and Ashby’s agar plates a large number 
of milk-white, raised and opaque colonies appeared after three week’s incubation. 
A little growth was microscopically examined and was found to consist of spherical 
cells occurring in pairs — ^resembling in appearance the typical Azotobacter cells. 
The organism is non-motile and does not produce spore or pigment. It is stained 
only with difiioulty by aniline dyes. In spite of various attempts the organism 
could not be obtained in pure culture. It seems to be a new species probably 
belonging to the genus Azotobacter, 

Eajshahi and Barisal sqUs — The only imxjortant growth on the plate was that 
of Azotobacter, 

BirbJium soil : — There was very little growth on silica gel plate. 

Summary 

1. Fixation of nitrogen was studied with six paddy soils obtained from 
different districts of Bengal. 

2. Amounts of nitrogen fixed in four of the soils were more than the amount 
removed annually by the crop. 

3. The addition of phosphate or lime in the soil had no marked effect on 
nitrogen fixation. 

4. On adding straw, nitrogen fixation was stimulated only in one of the soils. 

5. Sunlight has no effect on the fixation of nitrogen in soil. 

6. Water-logging was found to inhibit the activities of the nitrogen-fixing 
organisms of soils, 

7. The number of nitrogen -fixing organisms in different soils were counted# 
They were present in large number in most of the soils. 

8. A new nitrogen-fixing organism was isolated from Faridpur soil. 

9. In determining the nitrogen-fixing capacity of soil by solution method, 
differences in the nitrogen-fixing abilities can be detected when the incubation 
period is relatively short (four days). 

The authors’ thanks are due to Professor J. C. Ghosh and Dr. A. T. Senior 
their interest in the work. Thanks are also due to the Imperial Council of Agri- 
cultural Research for financial help towards the purchase of necessary apparatus 
and maintenanGe of the salary of one of them (P. K. D,), 
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Since the recognition of the important role played in the metabolism of the 
plant by elements which occur in relatively small amounts the so-called ^‘non- 
essential elements ” — the attention of the analytical chemLit has been drawn to 
the elaboration of methods for their accurate determination. Since these elements, 
though present in very minute amounts, are regarded as necessary for the proper 
growth and development of the plant and as important as those which constitute 
the greater portion of it, it has been felt that the methods used for their estimation 
must be sensitive and accurate enough to yield reliable results under a wide range 
of conditions. Manganese is one of these elements. The importance of manganese 
in increasing the oxygen-carrying power of oxidases was first recognised by Bert- 
rand [1897], McCool [1913] ; and Mclean and Gilbert [1925] explain chlorosis as the 
result of the absence or deficiency of manganese. McHargiie [1922] regards 
manganese as being concerned in nitrogen assimilation and protein synthesis and 
also to function with iron in the synthesis of chlorophyll. 

In view of the important role played by manganese in plant metabolism, it is 
essential to have a reliable method for its accurate determination, specially when it 
is present in small amounts. In the literature there are mentioned a large number 
of methods ; colorimetric, gravimetric and volumetric, which have been advocated 
by different workers and used from time to time for the estimation of this element. 
Colorimetric methods, although capable of giving fairly accurate results, suffer 
from the serious disadvantage that all workers are not equally sensitive to slight 
changes in the intensity of tints. Gravimetric methods are believed to yield 
accurate results. This accuracy, however, diminishes when the elements to be 
estimated are present in minute quantities. In such cases, even an otherwise 
slight error, due to the solubility of precipitates or its contamination with impurities 
is greatly magnified. The volumetric methods are considered to be free from such 
defects and in case a satisfactorjr method for any particular estimation is available, 
it is to be preferred, 
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Sclineider [1897] was the first worker to propose a volumetric method for the 
estimation of mangane::ie. It was based upon the use of lead peroxide as an oxidis- 
ing agent. Ibbetson and Brearley [1901], with certain modifications report to 
Bave successfully used this method in the analyses of white metal alloys. It was 
however, not before 1904, that the method was recommended for general applica- 
tion by Blair, who studied it in detail. Davidson and Capen [1931] made a com- 
parative study of this, and the persulphate and periodate colorimetric methods as 
well as the gravimetric method. They found that of aU the above methods the 
sodium bismuthate method gave the lowest results, exceptionally high figures being 
obtained with the gravimetric method. For the estimation of manganese in soils 
the bismuthate method has been in use in these laboratories for a number of years 
and has always given satisfactory results. 

The suitability of this method for the analysis of plant material, as compared 
with the gravimetric method of the A. 0. A. G, [1925], has been studied under a 
wide range of well- controlled conditions and it has been found that with some modi- 
fications in the technique proposed by Blair [1904] for the analysis of iron and 
manganese ores, the method gives satisfactory results. 

Method 

Preparation of extract 

Finely ground plant material to the extent of 200 grams is carefully ignited 
at a dull red heat as completely as possible. The ash obtained is digested with 
strong hydrochloric acid for eight hours on a sand-bath, at a temperature just sufii- 
oient to cause occasional ebullition. When digestion is complete, the residue in the 
conical flask is transferred to a porcelain dish and evaporated to dryness on a water- 
bath, thus rendering silica insoluble. The contents of the dish are now extracted 
with hydrochloric acid, filtered through a hardened filter paper, washed wfith 
distilled water till free from chlorides and the filtrate made up to one litre. We 
prefer this method of preparing the extract to the one in which plant material is 
ashed separately for the estimation of each element or group of elements, in as 
much as the errors due to individual variations of sampling, which will be 
reflected in the ratios of different elements determined are eliminated when a large 
amount of the sample is taken, ashed and extracted in one lot ; also it saves 
much time, which is otherwise taken in ashing and extracting individual samples 
separately. Further, the ash obtained can be stored over any length of period 
without undergoing any change in its composition whereas the plant material is 
subject to attacks by insects and fungus and thus liable to changes in 
composition. 

Estimation of manganese 

Aliquot portions from the stock solution prepared as above are transferred to 
porcelain dishes, a few drops of concentrated nitric acid added and the whofe 
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evaporated to dryness on the water-bath. The residue in the dishes is now cooled, 
and after the addition of 2*5 c.c. of concentrated sulphuric acid is again heated on 
sand-bath till copious fumes of SO3 begin to be evolved. This removes all 
traces of hydrochloric acid. The dishes are now cooled and the contents trans- 
ferred to a conical flask of 300 c.c. capacity, with the aid of 50 c.c. of approximately 
4 N nitric acid.'*' In order to assist solution, the liquid in the flasks is heated to 
boiling, care being taken to avoid loss of acid as far as possible. The temperature 
of the liquid is now brought to within 15° to 20°C., which after the addition of 
0*5 gram of sodium bismuthate (B. D. H., A. K. preparation) is kept aside for half 
an hour and occasionally shaken. After keeping it undisturbed for about five minu« 
tes, fifty c.c. more of three per cent nitric acid, also free jfrom nitrous acid, are 
added ; taking care that the temperature during the operation does not exceed 30°C. 
The solutions are now filtered through a mat of specially prepared asbestos(*), 
spread over a perforated porcelain disc fitted in a glass funnel and the residue wash- 
ed with fiity c.c. of the same three per cent nitric acid, using small quantites at a 
time. The filtration and washing does not take more than five minutes. The 
resulting permanganate is reduced by adding a known volume of approximately 
A/ 100 ferrous ammonium sulphate solution (containing 50 c.c. of concentrated 
sulphuric acid per litre of solution) and the excess of ferrous salt is immediately 
titrated with A/100 potassium permanganate. A blank determination using 
the same amount of sodium bismuthate and nitric acid solution is also carried out 
simultaneously. The difference between the amount of centinormal permanganate 
solution used for the two titrations gives the amount of manganese present ; one 
c.c. of A/100 EAInO^ corresponds to 0*000153 gram of Mn304. 

Results 

1, Estimation of manganese in the plant ash extract by the gravimetric and the bismu^ 

thate methods 

(a) It will be seen from the results given below in Table I that the amount 
of manganese determined by the gravimetric method is about eight times as 
great, although duplicate determinations carried out on different quantities of the 
stock solution by both the methods give results which agree fairly closely 
amongst themselves, 

* The nitric acid should be prepared from strong acid which has been freed from all 
traces of nitrous fumes by passing a current of air through it, which can be conveniently 
done with the help of a water pump, 

(*) The asbestos used for this filtration is first digested with five per cent AaOH, 
washed with water, again digested with HNO3 (1:4) and then washed until free of all 
traces of acidity. It is then dried, ignited and made into a suspension with wate . 



I Gravimetric method Bismutliate method 

Volume of ' 

extract i "" ^ | ^ ^ 

taken Amount of man- Per cent Mn 304 Amount of man- Per cent Mn 304 
ganese obtained on oven-dried ganese obtained on oven-dried 
as MngO^ material as Mn 304 material 


0-0033 " 

0-0067 


0*066 

0*067 


0*000428 

0*000841 


0 * 008'5 
0 * (;084 


(b) In order to test further, the relative accuracy of the two methods for 
estimating small quantities of manganese, an artificial plant extract containing 
known amount of manganese was prepared by adding small quantities of hydro- 
chloric acid, ferric chloride, magnesium sulphate, calcium chloride, potassium 
phosphate and alum, etc. to a solution of manganese sulphate (0* 7 grm. per litre). 
The figures for the manganese obtained by the two methods, are given below in 
Table II. 

Table II 

Determination of manganese in a solution containing known quantity of M nSO^ in 

the presence of other salts 

(10 c.o. of the solution=0* 00354 grams of Mn 304 were used for estimation) 


M 113 O 4 present in 
the solution 


Gravimetric method 


Amount of 
MngO^ as 
determined 


Per cent of the 
the amount 
taken 


Bismutliate method 


Amount of 
MiigO^ as 
determined 


Per cemt of 
the amount 
taken 


0*00354 

0*00354 

0*00354 


0*0060 

0*0058 

0*0056 


0*00359 
0* 00359 
0*00359 


The results obtained by the gravimetric method are much higher than those 
by the bismuthate method which agree very closely with the amounts taken. 

2, Recovery of added manganese 

This was tested by adding to the extract known quantities of manganese in the 
form of N/lOO potassium permanganate and deducting from the total amount 
determined the quantities present in the original extract as had been determined 

previously by the tvro methods respectively. The following results weie 
obtained:- — 


25 c. c. 
50 c. c. 
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Table III 

Recovery of added manganese 


Volume of plant 
extract taken 
for estimation. 

Amount of 
manganese added 
as A^/100 KMnOi 

Gravimetric method 


Bismuthate method 

Total 
MngOa 
determined 
in the 
mixture 

MnaOi 

recovered 1 
(after de- 
ducting the i 
amount pre- 
viously- 
determined 
by this 
method) 

Recovery 

percent. 

ofMn304 

added 

Total 
MUsO* 
determined 
in the 
mixture 

MUgOa 

recovered 
after de- 
ducting the . 
amount pre- 
viously 
determined 
by this 
method 

Recovery 
per cent 
of MPaOi 

added 

20 c.c. 

2 c.c. « 0-000304: 
grms. MnsOi 

0-0060 

0-0033 

1085-5 

0*000649 

0 *000812 

102-6 

25 c.c. 

2-5 c.c. «=0-00038 
grms. MnaO^. . 

0-0088 

0-0055 

1447-5 

0-000787 

0-000359 

94-5 

25 c.c. 

5 c.c. =0-00076 
grms. MnaOtf 




0-001170 

0-000750 

' 98-7 

25 c.c. 

Do. 


... 


0-001200 

0-000780 


25 o.G, • . 

DO. 

... 



0*001190 

0*000770 

101-S 

60 c.c. 

Do. 




0-001653 

0*000713 

93-8 


It is seen that the gravimetric method yields figures about ten times higher 
than those obtained by the bismuthate method. The average figure for the 
recovery of added manganese as obtained by the gravimetric method is, however, 
too high — about 1266 per cent i,e.y more than twelve times the quantity added, 
while in the case of bismuthate it is only ninety-eight per cent of the quantity 
added. 

The higher results obtained by the gravimetric method seem to be partly due 
to incomplete precipitation of iron during the removal of phosphates leading to a 
small fraction of basic iron acetate escaping into the filtrate, with the result that 
this is precipitated along with manganese by bromine. Evidence of the fact that 
the precipitate is liable to be contaminated with iron was obtained, by fusing the 
ignited precipitate of Mn^O^ from a 10 c.c. solution of manganese sulphate with 
potassium bisulphate, dissolving the fused mass in hot water and determining the 
iron in this solution by colorimetric method using potassium sulphocyanide to 
develop the colour. But the amount of iron present as impurity in MuaO^ as deter- 
mined by the gravimetric method is not enough to explain the considerable differ- 
ence in the amount of Mn^O^ as determined by this and the bismuthate method 
Evidenlly the precipitate must be contaminated wdth other substances besides iron. 
In order to obtain some knowledge of these impurities in the ignited MnsO^ and 
also to trace other factors responsible for the discrepancies in the results obtained 
by the two methods, manganese was estimated in another set of solutions in the 
presence of potassium aluminium sulphate, aluminium phosphate, calcium chloride 
ftnd calcium phosphate and the results obtained are given below : — 
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Table IV 


Showing loss ofMn^O^ diiringtheprocessof removal of phosphates, due to incomplefs 
precipitation and the presence of impurities in the precipitate 



Amount per 100 c.c. of the extract 


' 

Description 

Bismuthate 

method 

Gravimetric 

method 

Composition of Mn 304 obtained hy the 
gravimetric estimation (column 2) 

(3) ^ . 

MuaOi car- 
ried away 
with iron- 
aluminium 
phosphates 
and basic 
iron acetate 
; (4) 


(1) 

(2) 

MnsOtf deter- 
mined by the 
bismuthate 
method 
(3a) 

Iron as 

Other 
impurities 
(by difference 
(Sc) 

25 o.c. extract pot. alum, sul- 
phate .... 

0*00520 

0*0144 

0*00404 

0*00100 

0*00936 

... 

25 o.c. extract aluminium phos- 
phate 

0*00520 

0*0312 

0*00404 

0*00463 

0*02253 


25 c.c. extract calcium chloride 
25C.C. extract calcium phos- 
phate .... 

0*00520 

0*00520 

0*0120 

0*0120 

0*00447 

0*00410 

0*00018 

0*00125 

0*00735 

0*00665 

0*00037 

0*00061 

25 c.c. extract 

0*00520 

0*0080 

0*00428 

0*00034 

0*00338 

... 

25 c.c. extract 

0*00520 

0*0080 

0*00441 

0*00031 

0*00828 

... 


As before tlie amount of manganese as found by the gravimetric method is 
much higher — varying from 150 to 600 per cent of that found by the bismuthate 
method and it would seem that the nature of the salts present in the solution, when 
bromine is added, exercises a considerable, though varying, influence on the amount 
of Mn 804 finally obtained, and of the salts examined alumina seems to be the 
source of greatest error. In order further to test the purity of the ignited Mn 304 , 
the ignited precipitate obtained by the gravimetric method was fused with fused 
potassium bisulphate ; the fused mass after cooling was dissolved in hot water and 
made up to a definite volume. Manganese was determined in an aliquot portion 
by the sodium bismuthate method. The results obtained are given in column 3(a) 
of Table IV and approximate more closely to those obtained by the bismuthate 
method directly ; but they are now invariably lower. The cause of these low 
values seems to lie in the removal of a small amount of manganese with the iron- 
aluminium phosphates and basic iron acetate as is clear by the recovery of a fair 
amount of manganese from this precipitate in samples 3 and 4 (column 4). The 
sum of figures in columns 3 (a), and 4 is, however, still less than those in column 
1, and these differences have been found to be due to the incomplete precipitation 
of manganese by bromine, the filtrate from which showed the presence of 
manganese by bismuthate method. Column 3 (&) of Table IV gives the amount 
of iron present as an impurity in the ignited MusO^ obtained by the gravimetric 
method. On further examination this solution was also found to contain traces 
of aluminium and phosphates. The inaccurate results obtained by the gravime- 
tric method thus seem to be due to 

(1) the removal of some manganese along with the iron-aluminium 
phosphate and basic iron acetate, 
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(2) the contamination of the final precipitate with iron and alumi- 

nium phosphate, etc. and 

(3) incomplete precipitation of manganese by bromine, whereby a small 

portion of manganese passes into the filtrate. 

These results confirm Blum’s observation [1912], that the composition of the 
precipitate in the gravimetric determination of manganese was not definite even 
under carefully regulated conditions. In addition to this main drawback, the 
gravimetric process is lengthy and tedious and requires almost continuous atten- 
tion. 

S, Estimation of manganese as influenced by variations in temperature and acidity 
{a) Vatiations of temperature. — Blair [1904] has shown that the permanganic 
acid formed is not very stable in hot solutions and therefore recommends that the 
temperature of the solution before oxidation should be brought down to 15®C. 
In order to determine the range within which the temperature could be varied with- 
out affecting the accuracy of the results, determination of manganese was made in 
aliquot portions of the stock solution at different temperatures, with the results 
given below. 

Table V 


Estimation of mamganese in plant material as influenced by the increase in temperature 

of the reacting sohition 

(Sample taken contained manganese equivalent to 0*0084 grm. of Mn 304 ) 


= 0 . . 

- 3 ^ 0 . . 
25°C. . 
3G®C. . 
36‘^a . 
40^0. . 


Temperature’^ 


Per cent Mn^O^ on oven- dried material. 


0-0083 

0-0083 

0-0086 

0-0083 

0-0086 

0-0061 

0*0043 


These figures indicate that the method is capable of giying accurate results 

at any temperature not exceeding 30T. 

(6) Effect of variation in the concentraiicni of the acid.— Before proceeding 
with the oxidation of manganese with 4 N nitric acid, it is necessary to use a small 
amount of concentrated sulphuric acid in order to remove all traces of hydrochloric 
acid from the residue obtained by the evaporation of the hydrochloric acid extract 
of the plant ash. In order to remove all excess of sulphuric acid the contents 
must first be heated to dryness and then ignited. The process is not only lengthy 
but is also attended with the risk of loss of material due to decrepitation during 
ignition. In order therefore to determine the amount of sulphuric acid which 
could be allowed to remain behind after the complete removal of hydrochloric 
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acids aliquot portions from the stock solution were taken and after the addition of 

5c.c. of sulphuric acid some of them were dried to the stage of production of 
white fumes of SOgj while others were evaporated to complete dryness. The 
results given below indicate that this precaution is superfluous and the presence 
of sulphuric acid to the extent of 5 c.c. per 50 c.c. of 4 .V nitric acid does not 
introduce any inaccuracy. 

Table VI 

Effect of tU fresence of concentrated sulphuric acid in varying amounts on the oxida- 
tion of manganese with 4 N HNO^ 


Volume of extract taken 

Percentage amount of Mn 304 
determined 

Sulphuric acid eva- 
porated to dryness 
and ignited 

Sulphuric acid 
evaporated to the 
stage when white 
fumes of SOg are 
produced 

20 c. c. 

25 c. c. • . • . 

50 c. c. . . . . , . , 

0-0085 

0-0084 

0-0083 

0-0084 
. 0-0085 
* 0-0084 

The process of ignition to remove excess of sulphuric acid would thus seem to 
be quite unnecessary. 


^ oy taking diflerent quantities 

of the same plant extract and it will be seen that the amounts of manganese per 

100 grams of the oven-dried material calculated from all these determinations aiee 
very closely with their mean value = 1 » 019, P> 0*9) 


Table YII 


Volume of extract taken 


20 c.c. 
20 c.c. 
25 c.c. 
25 c.c. 
25 c.c. 
25 c.c. 
25 c.c. 
25 c.c. 
25 c.c. 
50 c.c. 
50 c.c. 




0-000342 

0*000337 

0*000428 

0*000421 

0-000413 

0-000413 

0-000428 

0-000413 

0-000428 

0-000834 

0*000841 


Mean = 0-00842 d;0-000111 


Per cent on 

oven-dried material 


0-0085 
0-0084 
0-0085 
0-0084 
0-0083 
0-0083 
0-0086 
0-0083 
0-0086 
0 - 0083 
0-0084 



BISMUTHAXE METHOD FOB THE ESTIMATION OF MANGANESE IN PLANT MATBEIAL 765 

The standard error of difference in the amount of maganese found by parallel 

estimations is so smull that the bismuthate method for the determination of manga- 
nese can be relied upon to give excellent results under sufficiently wide range of 
conditions provided the precautions necessary for its estimation are properly 
observed. 

In Table VIII are given the results of the estimation of manganese in the same 
set of six samples of fodders analysed by different workers using their own difierent 
methods. Samples No. 2 and 3 are duplicates of Nos. 6 and 5 respectively and were 
prepared from the same material, but this fact was not known to the analyst 
at the time of analyses. The set of figures given under gravimetric method (a) was 
obtained at the Chemical Research Laboratories of the Agricultuial Chemist to 
Government Dacca, Bengal and that given under (5) at Mandalay, Burma. It will 
bo seen that the gravimetric method not only gives higher figures than those 
obtained by the bismuthate and the periodate methods, but that in the hands of 
two different workers, the results obtained are liable to differ widely. The figures 
for the amount of manganese obtained with the bismuthate and the periodate 
method s how a fairly close agreement. 


Table VIII 

Relative values for the amount of manganese in differenc remples of fodders, as deter- 
mined by the bismuthate, periodate and gravimetric methods 



It is clear that the gravimetric method gives much higher figures, which are 
not identical in the hands of two difierent workers ; whereas the results obtained ' 
by the bismuthate and the periodate methods agree fairly closely. 


Summary 

1. The gravimetric method for the estimation of manganese very often gives 
abnormally high values. 

2. As j udged by the concordance of results obtained with parallel estimations 
and the recovery of added manganese to the hydrochloric acid extracts of plant 
ash, the sodium bismuthate method for the volume brio determination of manganese 
in plant materials has been found to give excellent results. 
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3. In solutions containing difierent salts approximating in composition to th© 
plant extract, the amount of manganese determined by this method agrees very 
closely with the amount known to be present. 

4. For obtaining accurate results it is necessary (1) to use nitric acid free 
from all traces of nitrous fumes and (2) to remove every trace of hydrochloric acid 
before oxidation. 

5. Temperature of th© solution before and after oxidation must not exceed 
30 ^ 0 . 

6. It is not necessary to remove sulphuric acid before carrying out the oxidation . 
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UTILIZATION OF CERTAIN FORMS OF INORGANIC NIT- 
ROGEN DURING THE DECOMPOSITION 
OF PLANT MATERIALS IN THE SOIL 

BY 

JAGESHWAR GOPAL SHRIKHANDE, M.So., Ph.D., A.I.C., 

The Biochemistry Department, Indian Institute of Science, Bangalore 
(Received for publication on 29th October 1935) 

Although it is known that the adverse effect consequent on the decomposition 
of stubble can be largely remedied by hberal application of nitrates or ammomum 
salts, it is yet not clear as to which of these two forms is preferentially utilized 
by micro-organisms. A study in thL direction has, however, been made by 
Richards and Shrikhande [1935] who found a preference for the ammoniacal 
over the nitric nitrogen in the early stages while working with plant products 
alone. A glTm'la.r study in another direction has been made by Shive and co- 
workers [ 1933 ] by following the relative rates of absorption of ammoniacal and 
nitric nitrogen by plants grown in culture solutions. They observed greater 
ammonia absorption in the early stages than nitrate. The latter was absorbed to a 
maximum in the later stages. The reactions were largely eontroUed by the 
pH of the culture solution. 

The phenomenon of the decomposition of plant residues in the soil in presence 
of different forms of inorganic nitrogen is more complicated than the study of 
decomposition of plant products alone. Such a study in the soil involves the 
consideration of at least four factors (i) absorption of ammonia by soil colloids, 
(ii) movement of the mineral forms of nitrogen irt the soil depending upon its 
physical structure, (Hi) nitrification of the decomposed organic matter initia,lly 
present in the soil and losses of nitrogen through de-nitrification and (iv) assimila- 
tion of soluble mineral nitrogen by the micro-organisms in the soil to elaborate 
their tissue materials. The following investigation was, therefore, undertaken 
to study, under laboratory conditions, the relative rates of utilization of nitrogen 
in the ammoniacal and iiitric forms by the micro-organisms concerned in the 
decomposition of plant tissues when both forms are almost equally available by 
following periodically the changes in ammoniacal, nitric and total nitrogen. 
The experiments were so arranged as to take into account the above-mentioned 
possible reactions going on in the soil. Two soils— one wet cultivated and the 
other dry cultivated— were used in the present study. 

Expebimenttal 

The soils W6re air-driod Biid screened through a one-niin. sieve. Einely 

powdered Tcigi {Elcuciw cotclccitki) straw was added at the rate of three tons to 

( *767 ) 
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an acre. Hundred-gram lots of soil with 0* 3 grm. each of straw passing through 
one-mm. mesh sieve, after thoroughly mixing, were placed in wkle-moiithad 
bottles of 250 c.c. capacity. Ammonium sulphate and sodium nitrate were added 
in aqueous solution at the rate of one grm. of soluble nitrogen per 100 grins, of 
straw, approximately equivalent to the nitrogen factor [Hutchinson and 
Richards, 1921], t.e., each bottle was supplied with 0*003 grm. (30 p. p. m.) of 
soluble nitrogen either wholly as ammonium sulphate or sodium nitrate, or 
0*0015 grm. of each where an equivalent mixture of both was added. The 
moisture content was brought to about twenty per cent, the mixture weli-stirred 
and the bottle plugged with cotton-wool. Loss of moisture was made up by 
adding water from time to time. Separate samples were incubated at 30®CI for 
the different periods of decomposition. Five sets of bottles containing five each 
for each soil were incubated. The analysis for each set was carried out at 
intervals of three, seven, fourteen, twenty-eight and fifty-six days, as was done 
in the case of pure plant products [Richards and Shrikhande, 1935]. Four 
sets with each soil contained straw while the fifth one was left untreated 
as control. 

One bottle was removed at each stage and the following determinations were 
made on its contents 

Ammoniacal nitrogen. — This was estimated in the potassium chloride extract 
at pH 1* 0 as described by Olsen [ 1929 ] by distillation with magnesia. 

Nitric nitrogen. — ^This was determined on the residue after ammonia-nitrogen 
distillation by reduction with Devarda’s alloy under alkaline conditions. 

Total nitrogen. — ^This was estimated by the usual Kjeldahl method using 
sulphuric-salicyclic acid mixture [A. 0. A. C., 1930]. 

Analytical figures for the soil nitrogen and the nitrogen content of straw 
are contained in Table I. 

Table I 

Analytical figures for the soil and straw {expressed as parts per million) 



Wet 

cultivated 

soil 

Dry 

cultivated 

soil 

Total nitrogen (soil) 





174 

720* 

NHg-N .... 





:■ 4- 

4 

NOg-isr .... 





2 * 

9' 

N in the straw added 





16 

16 

NO 3 -H+NH 3 -H added . 





30 

30 

.-.TotalH 



■ , ■ 


220 

766 

Organic H . 



* 


184 

723 


Table II deals with the figures for the different forms of nitrogen obtained 
experimentally and have been expressed as parts per million. The results for 
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both the soils have been included in the same table to facilitate comparison. 
Section (A) deals with wet cultivated soil alone ; (B) with soil+straw ; (C) with 
soil +straw+equal amounts of ammoniacal and nitric nitrogen ; (D) with soil+ 
straw+ammoniaeal nitrogen; and (E) with soil+straw +nitric nitrogen; the 
corresponding sections with dashes represent the figures for the dry cultivated 
soil. 

Table II 


Forms of nitrogen in parts per million [figures actually obtained) 


Days 

Wet cultivated soil 

Dry cultivated soil 


NHa-lST 

NOs-lST 

Total ! 

N j 

Organic 

N 


isTOg-isr 

Total 

N 

Organic 

N 



Soil alone {A) 



Soil alone (A') 


3 

4 


189 

1 185 

13 

15 

721 

I 693 

7 

11 

3 

180 

1 166 

9 

15 

711 

1 687 

14 

10 

8 

164 

1 146 ! 

12 

16 

700 

672 

28 

12 

14 

165 

139 

11 

22 

716 

683 

56 

10 

i 16 

166 

140 

10 

30 

718 

678 



Soil-\-StTaw {B) 



Soil A Straw (B') 


3 

1 

1 2 

202 

199 

2 

3 

750 

745 

7 

1 

1 3 

196 

192 

1 

2 

749 

746 

14 

1 

2 

19 

190 

2 

2 

744 

740 

28 

1 

2 


180 i 

1 i 

1 

, . 

739 

56 

1 

2 

i98 

195 1 

1 1 

1 

751 

749 


Soil + Straw +NH^~N+NO: 

^-N{€) 

Soil+ Straw 

rN+NO^.N (C ) 

3 

17 t 

25 


233 

24 

33 

724 

667 

7 

14 

18 

215 

183 

12 

33 

744 

699 

14 

12 

6 

' 215 

197 

13 

26 

755 

716 

28 

6 

6 

215 

203 

10 

31 

755 

714 

56 

11 


202 

177 

9 

i 21 

760 

730 


Soil+Siraw+NHs-N [D) 

j Soil+Straw+NHg^^N {!>') 

3 

20 

11 

244 

213 

37 

21 

757 

699 

7 ' 

17 

8 

228 

203 

17 

14 

751 

720 

14 

12 

3 

215 

200 

10 

16 

750 

724 

28 

6 

2 

216 

208 

9 

20 

754 

726 

56 

,15 

2 

205 

188 

10 

18 


742 


Soil+Sfraw+NOi-N [E) 

SoilA^traw+NO^-N {E') 

3 

8 

36 

241 

197 

13 

41 

757 

703 

7 

9 

30 

191 

151 

14 

26 

745 

706 

14 

11 

18 

202 

173 

13 

19 

. . 

737 

28 

11 

9 

213 

193 

19 

21 

760 

720 

56 

12 

16 

216 

187 

9 

31 

748 

708 
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Considering the case of soil alone (sections A and A'), the ammoniacal 
nitrogen remains practically stationary for both the types of soil, whereas there is 
a gradual increase in the amount of nitric nitrogen with the period of incubation, 
suggesting the presence of decomposing organic matter in the soil. Evidence to this 
effect was also obtained while treating the soil with hydrogen peroxide during the 
course of mechanical analysis. The difference between the amount of nitrate 
on the 3rd and 56th days is practically of the same order (about 16 p. p. m.) 
in both the soils. When straw is incorporated into the soil (Section B and B') 
there is considerable faU in the values for both the ammonia and nitrate. These 
lower values are no doubt due to the assimilation of both the forms by the micro- 
organisms during the decomposition of the straw. The utilisation of ammoniacal 
nitrogen is usually complete, partly due to its absorption by the soil colloids and 
partly to its assimilation by the micro-organisms for their structural develop- 
ment, thus allowing little or none for losses due to volatilisation. But where 
nitric nitrogen is involved, it is necessary to consider that the gradual fall in 
nitrate may be due not only to assimilation by the micro-organisms but also to 
loss as elementary nitrogen, although it would appear from an examination of 
the value for total nitrogen that this latter is negligible. 

Surveying the results as they appear in Table II, without accounting for the 
control, the following observations can be made : — 

Section {0 and C '). — ^In the wet cultivated soil when ammonia and nitrate 
have been added in equal amounts, the quantity of ammonia is practically cons- 
tant, whereas there is a heavy drop in the nitric nitrogen as the period of incuba- 
tion increases. With dry cultivated soil under identical conditions the reverse 
is the case. 

Section {D and D '). — ^The addition of ammonia nitrogen to the soil and 
straw mixtures appears to result in a rapid fall of the ammonia content of the 
dry cultivated sod with time, whereas with the wet cultivated one the change is 
not so marked. The changes in the nitrate content are the reverse of the above. 
It is possible that in the dry cultivated sod the decrease in the ammonia content 
may be due to assimilation by micro-organisms since the figure for total nitrogen 
remains praeticaUy constant. The greater preference of ammonia in the dry 
cultivated soil may also be accounted for by considering the relative rates of move- 
ment of ammonia and nitrate in the sod. It is known that nitrate moves down 
faster than ammonia in a light soil, thus removing it from the reach of the orga- 
nisms. They have, therefore, to seek recourse to what is readily available. The 
movement of the two forms of nitrogen is dealt with separately. The constant 
values for the nitrate in the dry cultivated sod may be more apparent than real 
because of the nitrification of the decomposed organic matter initially present 
in the soil. 

Section. (E and E '). — ^The addition of nitrate to the sod treated with straw 
does not bring about any marked variation iu the nitrate content of the dry 
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cultivated soil; but in the wet cultivated oue a rapid fall in the nitrate content 
is observed. A comparison with the figure for total nitrogen in the latter case 
shows that this fell in the nitrate content may possibly be due to loss by de-nitri- 
fication."'' 

^ the figures for ammouiacal and nitric nitrogen from the 

total nitrogen present in a particular sample, an estimate of the organic nitrogen 
present in it can be made. It will be observed in all the three treatments men- 
tioned above, that both the total and organic nitrogen are almost of the same 
order with the dry cultivated soil as those initially present. With the wet culti- 
vated soil, however, it is difficult to state with the available data whether nitrogen 
ia not lost by denitrification and probably also due to v-olatilisation as ammonia, 
with the result that there is usually a fall in all the cases of the organic nitrogen. 

The above observations are more clearly brought out from the results in- 
cluded in Table III where allowance has been made for values obtained with the 
control experiments. 

Table III 


Figures expressed in parts per million afier accounting for the figures in the control 

experiments 


Days 

Wet cultivated soil 

Dry cultivated soil 

NHg-lSr 

NO 3 -N 

NH 3 -N 

NO 3 .hr 

Effect of straw on the soil NH^ and NO^ nitrogen 



{A) 


(A') 

3 

3 

• ♦ 

11 

12 

7 . . 

10 

. . 

8 

13 

14 

9 

6 

10 

14 

28 . . 

11 

12 

10 

21 

66 .... 

9 

14 

9 

29 


Soil+Straw+NH^-N+NO,^^N 



(B) 

(S') 

3 .... 

16 

23 

22 

30 

7 . 

13 

15 I 

11 

31 

14 . . 

11 

4 

n 

24 

28 

5 

4 

9 ! 

30 

56 . ♦ . 

10 


8 

20 
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‘ Table HI— 


. Days 

Wet cultivated soil 

Dry cultivated soil 

NH3-N 

isros-N 

NHj-N 

NO 3 .N 





Soil + Straw + NH^-N 





(O 

(0 

') 

i ' .3 

• • ■ 

• • 

19 

9 

35 

18 

! 7 

. . 

, , 

16 

5 

16 

12 

14 

, . 

. * 

11 

1 

8 

14 

28 


. 

5 


8 

19 

56 


• 

14 

•• 

9 

17 





Soil + Straw + NO 





(D) 

(DO 

3 



7 

34 

11 

38 

7 


, . 

8 

27 

13 

24 

14 


, 

10 

16 

11 

17 

28 


. 

10 

7 

18 

20 

56 


• 

11 


8 

30 

Section (A and A.\ 

. — The ammonia is practically the same as in the soil alone 

(Table II, 

Sections A and A'), whereas there is a difference between the nitrate 

content of the soil alone and when straw is introduced into it. There is, how^evcr 

a greater variation in the nitric nitrogen in wet cultivated than in the dry ciilti- 

vated soil. 

The almost steady figures for nitrate in the dry cultivated soil may be 

ascribed to the greater amount of nitrification for which the conditions are more 

favourable due to its 

coarse texture and consequently greater aeration. 


Section {B and B '), — The absorption of nitrate in the wet- cultivated soil is 
double that of ammonia between the 3 rd and the 7 th day and nearly five times 
as much between the 7th and the 14th day. In the dry cultivated soil nitrate 
is practically constant throughout the period of incubation wdiile ammonia is 
heavily used up. These observations show that the organisms have a preference 
for ammonia in the drj^ cultivated soil whereas in the wet cultivated soil the L )W 
recovery of nitrate might either mean a preferential utilization by the organisms 
or a loss of nitrate due to de-nitrification. The latter explanation seems to be 
more probable because of the low values obtained for the total nitrogen wher- 
ever nitrate has been added. Further work is needed to establish ' either of the 
two possibilities. 


Section (G and C ')> — Here more than thirty per cent of the total ammonia has 
been used up in the first three days in the wet cultivated soil, the absorption getting 
slower as the period increases, In the dry- cultivated soil however, ammonia 




UTILIZATION OF CEETAIN FORMS OF INORGANIC NITROGEN 773 

absorption is practically negligible in the first tliree days and maximum in the next 
ten days. This apparently contradictory result for the wet cultivated soil can 
be accounted for by considering the abundance of ammonia which is more than 
double of that present in section (B and B'). The relatively higher figure for 
nitrate in the dry cultivated soil may be due to the conversion of some of the 
ammonia into nitrate during diffusion as pointed out by Cook [ 1916 ] and also 
due to nitrification. 

Section (D and D'). — ^Ammonia is almost constant and nitrate is utilised 
in both the soils, the maximum absorption being in the earlier stages in the 
dry cultivated soil and in the wet cultivated in the later stages. Such a difference 
may be accounted for by the relative rates of movement of the two forms of nitrogen 
in the two different soils. 

Belative movements of ammonia and nitrate nitrogen in the soil 
. That there is a difference in the relative rate of downward movement of the 
two forms of nitrogen depending upon the physical structure of the soil has been 
pointed out by several workers. 

Karpizov [ 1904] in investigating the absorptive capacity of different soil 
layers, found it at a maximum in the surface layers decreasing directly with the 
humus and zeolites towards the sub-soil. The degree of absorption varied with 
the mechanical composition and the hygroscopic moisture content of the soil. 
Sabanin [ 1908] confirmed the observations of Karpizov. Zhottsinski [1908] 
working with Eussian soils noted a relationship between the mechanical compo- 
sition and ammonia absorption. Cook [ 1916 ] while studying the retention and 
distribution of ammonium sulphate found that ammonia moves down quicker 
to lower layers in the light but in the heavy soils most of the ammonia is held in 
the top surface of three or four inches. The experience of these workers indicates 
that the movement of ammonium sulphate in the soil is slow and actual rate varies 
with the nature of the soil. Nitrogen in the nitric form is more easily diffused 
than nitrogen in any other form as has been pointed out by several workers. 

To study on a small scale whether these observations hold good for the ex- 
periments described in this paper both the types of soils were filled in to a height 
of nine inches in cylinders of 9-in. height and 2|-inch diameter made of paraffined 
paper. The cylinders were made to stand in glass dishes of about the same 
diameter. To give a greater stability for the cylinders they were placed in a 
wooden chest with frame for each. The soil which weighed about 600 grms. was. 
brough t to a moisture content of twenty per cent and then poured into the cylinder . 
Nitrogen in the form of solution of ammonium sulphate and sodium nitrate to the 
extent of 0 05 grm. was poured on the soil surface. Cylinders thus made facili- 
tate cutting the soil columns at a particular depth with an}^ metal or glass plate 
preventing any mixing of the soil with other layers. 

The usual depth of surface soil is reckoned as top 9 in. and hence the parti- 
cular height of the soil column in this experiment. The cylinders were cut at depths 
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of 3 in. and 6 in. from the top and the amount of ammonia and nitrate estimated 
at intervals of three, sev-en and thirty days. The results obtained are included 
in Table IV. They agree with the observations of foregoing workers. The 
movement of ammonia is greater in the dry soil than in the wet one. There 
is also an increase in the nitrate in different layers in the red soil due partly to the 
conversion of ammonia into nitrate but mostly to the nitrification of the de- 
composed organic matter initially present. In the paddy soil, however, nitric 
nitrogen is practically constant. The greater movement of nitrate in the red 
than in the paddy soil can clearly be seen by comparing the drop from 0 *051 grm, 
to 0*043 grm. in the former with 0*045 grm, to 0*043 grm. in the latter between 
the 3rd and the 7th day. The comparatively high value of 0*044 grm. nitrate 
in the red soil on the 30th day must be due to the nitrification of the organic 
matter. This fact is also borne out by the increasing amounts of nitrate in the 
different layers and also by the progressive nitrate production during the in- 
cubation of soil alone. 

" Table IV 

and NO a nitrogen content of different soil layers during the movement of the 
two forms of nitrogen in the soil 


{Figures in grm. actually obtained in the experiment) 


Days 

\ Top 3 -in. layer 

Middle 3 -in. layer 

Bottom 3 

-in. layer 

NH, 


nh, 

1 

* NO, 

ISTHg 

NO, 


i ' 1 

Dry cultivated soil -{-0*05 grm 

. NH^-N 



3 

0-050 i 


0-003 

0-005 

0-004 

0-003 

/ 0*002 

.7 ■ . 

0*043 j 


0-003 

0*003 

0-003 

0-003 1 

0*003 

30 

0-040 1 


0-008 

0-002 

0-001 

0-001 1 

0 003 


Wet cultivated soil -{-0*05 grm. NH^-N 



3 

0-046 


0-001 

1 0-001 


1 0-008 


7, . 

0-044 


0-001 

i 0-001 




30 

0*044 


C-001 

0-001 . 

1 .. 

0-001 1 



Dry cultivated 8oil-{-0*05 grm. NO^-N 



3 • • 

0-003 


0-051 

0-003 

' 0-003 

0-003 1 

0*003 

7 

0- 02 


0-043 

0-002 

0-003 

0-00' 

0*003 

30 

0-002 


0-044 

0-001 

0-004 

0*001 i 

0-004 


Wet cuXtivated 8oil~{-0 05 grm. NO^-N 



3 

* . 


0-046 


0-003 


0*001 

7 

. • 


0-043 


0-005 



30 

0-001 


0-040 


0-007 

•• 
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Disottssion 

As a I esult of these studies a few observations can, be made with regard to the 
selection and application of a nitrogenous fertilizer to the soil. The salt used as 
fertilizer splits up almost immediately into ions. The cations are absorbed by the 
soil colloids and the anions liberated. Ammonia from ammonium sulphate 
is absorbed by the soil colloids, and may later become available for the structural 
development of the micro-organisms. In the case of sodium nitrate, however, 
the sodium, after splitting will be absorbed by the soil complex letting the nitric 
nitrogen free which becomes available to the organisms and the plant. The 
results of the present experiments have shown that in the dry cultivated soil 
ammoniacal fertilizer in conjunction with organic manures might prove useful 
in the conservation of soil organic matters. But as stated previously it is difficult 
to say with the available evidence as to what may happen when nitrates are added 
to the soil especially in the wet cultivated one. Another factor which plays an 
important part in fertilising practice is the movement of soluble forms of nitrogen 
in the soil. This movement, of course, depends upon the nature of the soil as 
evidenced by several workers. In the wet cultivated soil ammonia is absorbed 
by the colloids leaving little for the downward movement whereas the nitrate 
is free to move about. In the dry cultivated soil such a movement of both the ions 
is facilitated by the deficiency of soil colloids as also by greater pore space on 
account of the coarser nature of the soil praticles. The nature of the soil should, 
therefore, be a guide in the application of a soluble nitrogenous fertilizer. In 
the heavy soil nitrate ought to be a better fertilizer or a supplement when organic 
matter is added or a crop sown. It may be applied either as nitrate of chalk or 
ammonia rather than as sodium nitrate which might produce an adverse effect on 
physical the structure of the soil. Moreover it will have less chance of leaching 
here than in the light soil. In the light soil, ammonia should be better adapted as 
it will be more easily available than in the heavy. As nitrate moves faster than 
ammonia in the light soil it would be more economic to apply a dressing of 
ammonia than nitrate which, on account of its greater downward movement 
and solubility, may be washed down and removed from the zone of activity of the 
plant and the micro-organisms. 

Summary 

(1) lacorporation of straw with soil depresses the amount of ammoniacal and 
nitric nitrogen present in the soil. 

(2) When straw with an almost equal dressing of ammonium sulphate and 

sodium nitrate are introduced into the soil, there is a definite preference by the 
micro-organisms concerned in the decomposition for ammoniacal nitrogen in 
the dry cultivated soil over nitric nitrogen whereas reverse be the case in the 
wet cultivated soil. Further work is needed to establish the preferential utilisa- 
tion in the wet — cultivated soil, 34 
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(3) Nitrate appears to move down faster than ammonia in both the soils. 

Compared amongst themselves, ammonia goes down quicker in the dry cultivated 

than in the wet cultivated soil. The rate of movement is rather slow. 

(4) Practical applications of the results obtained have been discussed. 
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Nitrification in soils has been generally accepted to be a bacterial process. 
Recently Dhar, Bhattacharya and Biswas [ 1933 ] have suggested that nitrifica- 
tion in tropical soils is more photo-chemical than bacterial in nature. Rossi 
[ 1933 ] also believes that rapid nitrification in soil can take place by purely phy- 
sico-chemical process. 

Sarkaria and Fazal-ud-Din [ 1933 ] tested the photo-catalytic power of some 
Pun] ab soils, and found that the soils showed only a weak catal 3 d 3 ic action. Similar 
results were obtained by Fraps aud Sterges [ 1935 ] with some American soils. 

In view of the great importance of nitrification in soils, experiments were 
undertaken to find out whether photo-nitrification or bacterial nitrification predo- 
minated in the Punjab soil. 

Methods oe ahalysis 

Nitrous nitrogen. By Griess Iliosvay reagent. 

Nitric nitrogen. By Phenol- disulphonic acid. 

Chlorides, whenever present in excess, were completely removed by precipita- 
tion with silver sulphate before treatment with the reagent. 

Expebimehtal 

Freshly air-dried soil was passed through one mm. sieve and mixed with 
ammonium phosphate [*(NIl 4)2 HPO 4 ] at the rate of fifty-seven mgs. of nitrogen 
per 100 grams of soil. The treated soil was put in nine glass jars at the rate of 
1800 grams per jar. The jars were divided into three sets of three each. In each 
set, soil of one jar was mixed with nine grms. of mercuric chloride to eliminate all 
living organisms, the second was covered with a metallic lid to prevent access of 
light and the third was left uncovered. 

In the first set, the soil was kept air -dry, in the second, at thirteen per cent 
moisture content, aud in the third, at thirty -nine per cent moisture content. All 
the jars were wrapped with black paper on the outside and exposed to the sun. 
Loss in moisture was made up from time to time. The experiment was started 
on 28th March. Samples were analysed after 65 days and 100 days. The results 
are given in Table I. 

* According to Bhar and others [1933] ammonium phosphate was f oimd to be more 
rapidly nitrified than any other compoimds of ammonia. 

( ) 
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Table I 


Nitrification of ammonium phosphate in soil 
(Mgs. of nitrogen per 100 grins, of soil) 



' 65 days 

100 days 

Treatment 

Nitrous 

Nitric 

Percentage 

Nitrous 

1 Nitric 

Percentage 


N 

N 

oxidised 

N 

' N 

; 'oxidised 

r Sterilized and 

Trace 

! 4:-6 

0*2 

Trace 

7*7 

. 6*7 

exposed. 

Air-dry i Unexposed . 

*> 

4-8 

0*7 

>» 

6*0 

2*8 

Exposed 


4-8 

0*7 

ti 

7*5 

6*4 

r Sterilized and 

Trace 

4-6 ^ 

0*4 

Trace 

6*3 

3*3 

1 exposed 

13 per cent TJnexposed . 

»> 

n-6 

12*6 


i 12*0 

13*3 

moisture. 1 ' 

Exposed . 


7*2 

4-9 


9*5 

8*9 

r Sterilized and 

Trace 

4-0 

... 

Trace 

4*4 

0*0 

1 exposed 


4*0 



4*4 


39 per cent < TJnexposed . 

jj 

... 

j> 

... 

moisture. ] 


3*2 





Exposed 



it 

3*5 



rAmmoniacal nitrogen • • . • • 57*0 mgs. 

Initial < Nitrous nitrogen Traee 

(^Nitric nitrogen . • . > • . . • 4*4 mgs. 

It will be seen from the above that : — 

(1) under air-dry condition of the soil, nitrification was insignificant either 

by biological or photo-chemical means during first sixty -five days, 
while on exposure to 100 days, 5*8 per cent of the added nitrogen 
was converted into nitrate in presence of light as compared with 
2 '8 per cent in the absence of light. 

(2) At optimum moisture content no nitrification took place by photo-chemi- 

cal process but 12*6 per cent nitrified by the biological process 
during first sixty -five days, and in 100 days the photo-chemical 
nitrification was 3*3 per cent as compared to 13*3 per cent by the 
biological means, 

(3) Under saturated moisture contents no photo-nitrification took place 
even after 100 days’ exposure, and nitrogen was reduced rather than 
oxidised by the biological process. 

Very low nitrification by the biological process, during the experiment, was 
found to be due to the temperature of the soil, which was very high (above 48''C ) 
and inhibitory after the first fortnight of the experiment. 

Fazal-ud-Din [ 1935 ] noticed that the catalytic action of the soil was 
different for different nitrogenous compounds. In order to form a correct esti- 
mate of photo-nitrification as compared to biological nitrification, it was thought 
necessary to try the nitrification of a number of compounds by both the processes. 
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j^resli, air -dried soil was passed through one mm. sieve and different nitro- 

genous compounds were added to supply forty mgs. nitrogen per 100 grms. of soil. 
In the first series, the moisture was made up to thirteen per cent by saturated 
mercuric chloride solution, while in the second, it was made up by distilled water. 
The soils so prepared were taken in 200 grm. portions in duplicate conical flasks of 
500 c.c. capacity . The flasks were plugged with cotton wool and in the first series 
they were exposed to the sun, while in the second series, they were wrapped in black 
paper and kept side by side. 

As the experiment was intended to run for three months, the loss of moisture 
had to be made up frequently, therefore sterilization of the soil by treatment 
with mercuric chloride was preferred to steam sterilization to avoid a chance con- 
tamination with nitrifying bacteria and consequent error. 

The experiment was started on 12th January and terminated on 12th April, 
when the soils were analysed for nitrous and nitric nitrogen. The results given 
in Table II indicated that the different nitrogenous compounds were nitrified to 
varying degrees (from 36*0 to 64*7 per cent) by the biological process, while 
under the same conditions no nitrification took place by photo- chemical means. 

Table II 


Nitrification of different nitrogenous compounds in soil 
(Mgs. of nitrogen per 100 grms. of soil) 


Nitrification of 

Photo-nitrification 

Bacterial nitrification 

Nitrous N 

Nitric N 

Nitrous N 

Nitric N 

Percentage 

oxidised 

Ammonium chloride 

Trace 

3*1 

0*2 

17 

36*0 

Ammonium sulphate 

» 

3*1 

0*3 

21 

46*2 

Ammonium acetate 

79 

2*5 

0*2 

28*5 

64*7 

Ammonium oxalate 

99 

2-5 

0*2 

26*5 

59-7 

Glycocoll 

99 

2*3 

0*4 

19 

41*5 

Acetamide . . 

99 

2*5 

0*3 

19 

41*2 

Creatinine 

99 

2-5 

0*2 

i 20 

43*5 

Urea } . ^ . • . 

99 

2’ 6 

i 0*2 

23 

61*0 

Uric acid . * * 

99 

2-9 

0*2 

' 20 

I 

43*5 


r Nitrous nitrogen . ... . . . Trace 

Initial < 

^Nitric nitrogen . • . . . • . 2*8 mgs. 


The absence of photo-nitrification in the above series suggested the possib!-. 
lity of the inhibitory action on the process by mercuric chloride treatment. Al- 
though mercuric chloride did not show any poisoning effect on the catalytic action 
of the soil in the previous experiments, nevertheless, it was of interest to investi- 
gate its effect on the action of a powerful catalyst* 
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One hundred c.c. of NI2 ammonium chloride solution and one gram of zinc 
oxide were taken in each of the four beakers of 400 c.c. capacity. Two of these 
beakers were treated with half a gram of mercuric chloride . These were exposed 
to the sun and washed air was slowly bubbled through each at approximately 
the same rate. Nitrous nitrogen was estimated after six hours. The results given 
below showed that mercuric chloride did not poison the catalyst. 

Mgs. of nitrous 

Treatment nitrogen per 100 c.c. 

of the solution 

Without mercuric chloride . . . . • • • 0*26”) 

0*22> ^ 

With mercuric chloride . . . . . • • 0*22') « 

0*19i 

In the case of mercuric chloride treated solutions, oxidation was slightly re- 
duced. This was partly due to the suspension becoming slightly greyish and partly 
due to the reduced surface of the catalyst because of the conglomeration of the 
fine particals of zinc oxide. However, the effect was only slight. 

Experiments were undertaken to find out how much increase in photo-nitri- 
fication was obtained by incorporation of a small amount of a powerful catalyst 
with soil. For this purpose two per cent zinc oxide was mixed with some soil. 
Ammonium sulphate was added at the rate of forty mgs. of nitrogen per 100 grams 
of soil and the mositure content made up to thirteen per cent. Two hundred and 
, eighty grams of the prepared mixture was equally distributed into four flasks of 
300 c.c. capacity. Four control flasks were similarly set up without zinc oxide. 
The flasks were plugged with cotton wool and sterilized at 120°C. for one hour on 
two consecutive days. The plugs were covered with paper. The flasks were 
exposed to the sun and analysed after a month for nitrous and nitric nitrogen. 
There was no difference in the nitrate contents of the flasks. There was, however, 
some difference in the nitrite contents as shown below : — 

Mgs. of nitrous 

Treatment nitrogen per 100 

grms. of soil 
r 0*44 "v 

Soil + zinc oxide . , . . . . . , j 9^44 [ 0*44 

« L 0*44 ) 

Soil alone ‘ . . . j L o-20 

(. 0-13 3 

Difference 0*24 

This showed that the catalytic power of the soil could be increased by the ad- 
dition of a powerful catalyst but not to any great extent. 

Ehar and co-workers found that ammonium phosphate was almost com- 
pletely nitrified photo-chemically in three months’ time. Compared to that the 
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photo-nitrification of ammonium phosphate in Lyallpur soils was very small i,e., 
5*7 per cent. The soils of the Punjab were found to be weak photo-catalysts 
[Sarkaria and Fazal-ud-Din, 1933], therefore nitrification in these soils appeared 
to be mainly biological in nature. In summer the rate of photo-nitrification was 
very small while in winter no photo-nitrification took place. 

As regards the high nitrate content of the surface soils during summer months 
which has been attributed by Dhar and others as being due to the active photo- 
oxidation, it might be explained by the rise of nitrates from lower depths due to 
the increased rate of evaporation during summer months. Bacterial nitrification 
during summer is inhibited on the surf ace on account of the high temperature, low 
moisture contents, and sterilizing action of the rays. But nitrification goes on at 
lower depths where conditions are more favourable. Thus it would be apparent 
that the process of nitrification is mainly a biological one in the tropical soils of the 
Punjab, and the small amount of oxidation by photo- chemical process which can 
take place only in summer, is of very small importance. 

After studying the oxidation of various nitrogenous compounds in soil, some 
ei:periments were undertaken to study the comparative rates of nitrification in 
iplution by the two processes. 

Fifty c.o. of dilute (1 : 3) Omeliansky solution less ammonium sulphate with 
one per cent calcium carbonate were put in conical flasks of 300 c.o. capacity. 
Various nitrogenous compounds were separately added in sets of four flasks to 
supply five mgs. of nitrogen per flask and sterilized. Volatile compounds 
were added after sterilization. Each flask was inoculated with one gram of soil, 
wrapped in black paper and kept over roof. 

Another series of seventy -two flasks was divided into two sets. In one set, 
one gram of zinc oxide, and in the other five grams of soil were added in each flask. 
The same nitrogen compounds as used in the first series were added at the same 
rate to the four flasks of each set and the volume was made up to fifty c.o. with 
distilled water, sterilized and kept over roof. Both the series were started together 
in February. The contents of the flasks were analysed after two, three and four 
weeks. The results are given in Table III. The results of oxidation in pre- 
sence of soil catalyst have been omitted as the oxidation was negligibly small. 

Photo-oxidation with zinc oxide as a catalyst was more than bacterial oxida- 
tion during the first two weeks. During the third week, the oxidation by bacteria 
increased and finally in the fourth week, it was forty-seven to ninety-seven per 
cent. Maximum photo-oxidation after four weeks was only nineteen per cent. 

It was found that the rate of multiplication of nitrifying bacteria was very 
slow in Omeliansky solution and therefore the rate of oxidation of nitrogen is slow 
in the beginning, later on when sufficiently large number of organisms are 
present the rate is very swift and even a few hours suffice for the appreciable 
oxidation of the nitrogen added as ammonium sulphate. 
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In a number of 300 c.c. flasks, twenty c.c. of dUute OmeUansky solution was 
inoculated with six c.c. of actively nitrifying Omeliansky solution and incubated 
at 35°C. It was found that about one milligram of ammoniacal nitrogen was 
oxidised in six hours. 

Table IV 


Rate of nitrification in Omeliansky solution 


Incubation period (hours) 


Mgs. of nitrons 
nitrogen per 100 c.c» 
of solution 


Initial 

12 

18 

24 

36 

42 


2- 75 

3- 89 
4*86 
5-83 
7*78 
9*31 


This showed that in an actively nitrifying solution the rate of oxidation by 
bacteria is many times more than the oxidation by the sun. If however, t e me 
dium is not favourable for the growth of nitrifying bacteria, then bacterial rntrihca- 
tion becomes negUgible in comparison to oxidation by solar radiations as has 
been shown elsewhere [ Fazal-ud-Din, 1935 ]. 


BEFEEENCES 
De Eossi, G. (1933). Chem. Abs. 27 , 6860. 

Dhar, N. E.; Bhattacharaya, A. K. and Biswas, N. N. (1933). Soil Sci. 85, 28 
Fazal-ud-Din (1935). Ind. J. Agric. Sci. 5, I. 

Fraps, G. S. and Sterges, A. G. (1936). Soil Sci. 39, 85. 

Sarkaria, R. S. and Fazal-ud-Din (1933). Ind. J . Agric. Sci. 3, 1067. 


studies ijsT the herminatioh oe crop seeds ih 

THE FIELD 

BY 

LABH SINGH, B.So. (Agri.), L.Ag., 

Professor of Agriculture, Punjab Agricultural GoUege, Lyallpur 

AKD 

NEK ALAM, B.So. (Agri.), 

^Agricultural Assistant 

(deceived for publication on 7th January 1936) 

(With two text-figures) 

J. iKTROBHeXIOJir 

^Poytance of good stand in a crop can hardly be over-emphasized. Too 
thick or too thin a stand always results in a low yield and consequently makes 
faxming less remuneratiye. The need for a good stand is equally important in 
field expernnents. Unless the stand of a crop in differently treated plots is nni- 
form and comparable, the effect of various treatments under trial wU be obscured. 
An^hing which IS likely to assist in obtaining a good stand is equally important 
for the farmer and for the agricultural experimenter engaged in field experSnents. 

The stand of a crop depends upon the quantity of seed sown per unit area. 
Its gemmation capacity and the survival of the seedlings after their emergence 
from the soil. Seed rate can be varied at wUI. Germination of seeds when they 
^e viable depends upon (1) the physical nature of soil, (2) its preparation. (3) 
moisture content and (4) the depth at which seeds are sown. Of all these factors, 
No^ 4 can be measured and controlled with minimum effort, but still very little 
defimte information with regard to the range of depth from which the sLds of 
common OTops can germinate in a particular soil is available. Consequently some 
work was done m this direction the results of which are presented in thfe papi 

affects germination but it may 
h^rtin seedlings and consequently influence the yiell 

Mar m[ 1930] says chat potatoes planted half-inch deep gave 16-5 bushels per 
acre more than deeper plantings. White [1934] foimd that sweet potatoes 
covered with one inch sandy soil yielded 2,260 lbs. of primes per acre more than 

those covered three inches deep. Johnson and NielL [ 1934 ] so^d spri“ 

tf T at intervals of 2M cm,"^ a^d 

^^ter thL fivt muT older plants from seeds planted at depths 

m sliowedless vigour and poorer colour. 

1/4 inch. ^ ^ ^ ^ 3/4 inch to 
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In order to find ont tlie optimum depths for. sowing common crops at 
Lyalipnr their seeds were sown at different depths. This work was primarily 
undertaken for our own guidance in securing better stand in experimental plots, 
but It is now felt that this information may be of use to other workers and 
consequently it is brought to their notice. 

II. Method and matekial > 

Seeds used in this study were hand-picked. The soil in which these tests 
were made is loam and is representative of the soils of the district. It contains 
clay 8*36 per cent, silt 14*63 per cent, fine sand 62* 72 per cent arid sand 14*3 
per cent. It was irrigated in the usual way with canal water and seed-bed was 
prepared by means of spade. Moisture content of the seed-hed. was determined. 
It generally varied from 11*61 to 12 * 03 per cent. Seeds were sown by means of 
sowing tubes devised by the authors [Labh Singh, KTathuram and Nek xllam, 
1934 ] at ten Imown depths varying from one half to five inches, the interval be- 
tween consecutive depths being half an inch. Fifty seeds of each crop were sown 
at each depth in rows 2} inches apart, the distance from seed to seed in the row 
being also 2| inches. There were six such replications in randomised blocks, thus 
the total number of seeds of each crop sown being 300 at each depth. 

Germination tests of each crop were repeated several times in the year but 
results of only those tests are given here which Were made during the main sowing 
season of each crop. Seeds were sown in the evening. Observations to record 
germination were commenced twenty -seven hours after sowing and repeated 
regularly every three hours, ?nz,,9 p.m., 12 p.m., 3 a.m. and 6 a.m., etc. A seed 
was considered to have germinated when the seedling had emerged above the 
ground. At each observation the seedlings that had come above the ground were 
counted and pulled out so that counting at the next observation may be facilitated. 

in. GeEMINATION AT VAEIOITS DEPTHS 


Altogether fourteen summer and eight winter crops were dealt with, their 
local, English and Botanical names are given below: — 


Season of 
growth 

Serial 

No. 

Local name 

English name 

Botanical name 

Summer 

1 

Eawan . 

Cowpea 

Vigna catjang Walp, 

99 

2 

Mung 

Green gram 

Fhaseolus mdiatiis la . 

9 1 

8 

Moth . . 

Moth 

Fhaseolus aconitifoVms L. 

99 

4 

Mash . 

Black gram 

Fhaseolus mungo L . 


6 . 

Sani 

San (hemp) . 

Grotalaria juncea . 

99 

6 

j 

Gwara 

Fieldveteh or 
Gwara 

Cyamopsis psoralioides 

D0i 

.^■5. 

7 ' 

Malchi 

Maize. 

Zea Mays L. 


8 

Chari 

Great millet 

Andropogon Sofghum L. 

99 


Svdan Ghc^ 

Sudan Grass 

Sorghum sodanc uris L. 


10 

Ba§ra 

Bulrush millet 

Fennisetum typhoidettn 
Bieh. 


35^-4 
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Season of 
growth 

Serial 

No 

/ 

Local name 

1 

English name 

Botanical name 

Summer 

11 

Swank 

Swank 

Panicum colonum L. 

»> 

12 

, Til 

Sesamum . 

Seaamum indicum D C. 


13 

American kapaa 

4-F American 

Qoasypium Mrautum L. 


14 

I Deal kapas 

15 Mollisoni 

Gossypium indicum Lam. 

Winter 

15 

Ghana 

Gram 

Cicer arietinum L. 

9f 

16 

Kanak 

Wheat 

Triticum vulgare Host. 

>9 

17 

Jaon 

Barley 

Hordeum vulgare L. 

n 

18 

Jai or Jawi 

Oats 

Avena aativa and A* sterilis 

T 


19 

Shalgum 

Turnips 

1^. 

Braaaica rapa L. 

>9 

20 

Taramira 

Bocket 

Eruca aativa L. 

99 

21 

Toria 

Indian rape 

Braaaica napua L. 

99 

22 

Saraon 

Indian colza 

Braaaica campestria Prain 


As already stated germination counts were made after every three hours. The 
detailed results are given in Appendix I. They are represented l>elow graphically. 
Fig. 1 relates to fourteen summer crops and Fig. 2 represents eight winter crops 



GtMftA 

.MAtze 

• MASit 

• AtOrN 
COW PtA$ 


SOft&HUH 


SifOAP an AU 


i) IE P T HS 


SWAMtt 


Showing the germination percentage of fourteen summer 
different depths. 




germination percentage 


SO- 


70^ i: 


'foJ I ; 

‘i; 

I: 

4 - 0 - 1 : 


Fig. 2 Sho' 
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The whole data have been examined statistically. The general effect of depths 
on germination is significant in all the crops. The standard errors of the mean 
differences have been worked out by analysis of variance and are given in Appen-* 
dix I referred to above. 

It would be seen from Appendix I and ¥igs. 1 and 2 that each crop has given 
good germination at more than one depth. For instance, gram has germinated 
almost equally well at depths I to 4| inches (92-98 per cent). The question now 
arises as to the optimum depth for sowing this crop. To answer this ‘c|aestion the 
range of depth is fixed by taking germination at higher and lower depths which 
did not differ significantly from the maximum germination percentage. (Critical 
difference was taken to be twice the standard error of mean difference). The 
middle depth of this range where the number of depths is odd, and the first of the 
two middle-most depths where the number is even, has been taken as the optimum 
depth of the crop. For instance, eight depths from 1 to 4| (1, 1|, 2, 2|-, 3, 3|, 4, 
4|) in the case of gram did not differ significantly from each other. Hence 2| 
inches have been taken as optimum depth. Proceeding in this manner the 
optimum range and optimum depth for each crop has boon determined and is 
given in the follow’ing table : — 


Serial 

No. 

Crop 

Optimum 
depth in 
inchesf^ 

Optimum 
range of 
depths in 
inches 

At optimum depth, time 
of start, finish and period 
of germination in hours 

Start 

1 Finish 

1 

1 Period 

i ' 

1 

Cowpeas 


2 

1-3 

48 

69 

1 21 

2 

Mung . . 


2 

1-3 

54 

75 

21 

3 

Moth 


2 

1-3 

54 

84 

30 

4 

Mash 


2 

1-3 

60 

84 

24 

6 

San-hemp . . 


2 

1-31^ 

42 

63 

21 

6 

Gwara . 



U-3i 

51 

93 

42 

7 

Maize . , ' ' 


2i 

2-3^ 

72 

108 

36 

8 

Chari 


14 

1-2| 

54 

87 

33 

9 

S. Grass . . 


14 

1-2" 

48 

84 

36 

...'JQ.: 

Bajra . . . 


14 

1-2 

42 

84 

■42 

11 

jSwanh . 


1 

1-14 

60 

93 

33 

12 

Til . . . 


1 

1-14 

48 

87 

39 

13 

4-F American. 


2 

14-24 

78 

129 

51 

14 

Mollisoni 15 Desi . 


14 

1-2 

75 

126 

51 ' 

15 

Gram . 


24 

1-44 

102 

123 

21 ' 

10 

Wheat . 


2 

1-3 

114 

147 

33 

17 

Barley . 



14-34 

126 

168 

42" 

18 

Oats 


2J 

14-34 

135 

177 


19 

Turnips 


1 

4-14 

72 

99 

27 

20 

Taramira 


1 

4-14 

57 

90 

33 

21 

Toria 


1 

4-14 

72 

111 

39 

22 

Sarson . 


I 

4-14 

72 

96 

. 24: 
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In 2n(i column of the above table is given the optimuia depth and in the 3rd 
column is given the range of depths between which germinaion was not significantly 
different from the maximum germination percentage. In order to get good 
germination, seed should under ordinary conditions be sown at its optimum depth 
but in those soils which lose moisture rapidly from the top especially during 
hot and dry weather or when seed-bed is not well prepared it should 
be sown between the optimum depth and the highest limit of 
its optimum range. Optimum depth and optimum range would 
vary according to the character of soil. They would be shallow in 
stiff and deep in loose soils. Further it would be observed that range in some 
crops is wide and even an indifferent sowing in their case would give good germi- 
nation as in case of gram, san-hemp, pulses, etc. They are not so sensitive to 
depth. The range of some crops such as swanky sesamum, cotton, rapes, turnips, 
etc.f is very narrow and to get a good germination of these crops is not al- 
ways an easy task. They are more sensitive to depth. More care is, therefore, 
required with regard to depth while sowing these crops. 

IV. Tbie taken fob the staet and completion of germination by different 

OROPS 

As stated in the begiiming observations were started twenty-seven hours after 
sowing and were repeated after every three hours. It was observed that some 
crops started to germinate earlier than others although they were sown at the same 
time and other conditions were kept as uniform as possible. The time when ger- 
mination was completed was also noted in each case. The differenc e in the time of 
start and the time of completion of germination is the period during which a crop 
germinated. This interval is called the period of germination. Detailed data, 
in this connection are given in Appendix II at the end. 

. A reference to Appendix II would indicate that hx general the shallower the 
depth the quicker is the start of germination. Maize, gram and gwara took, 
however, longer to start germination at | inch than at one inch. Other main features 
of Appendix II are 

(1) Almost all seeds afc half an inch took longer time to complete germina- 
tion than at one inch, probably because soil moisture is less in the first; half inch 
of soil than in the second half inch (at one inch depth). 

{2) On the whole, period of germination is smaller at depths lower than the 
optimum depth within the op feimum range. 

V, Germination AT VARIOUS HOURS OF THE DAY 

. Riroady stated germination counts were taken after every three hours 

throughout the day and night, viz,, 3 a.m., 6 A.M., 9 a.m., etc. In this way 
seeds that germinated between 3 a.m. and 6 a.m. were recorded at 6 a.m. and those 
germinated between 6 A.M. and 9 a.m. were noted at 9 a.m. and so on. It was ob- 
served that the rate of germination at all depths and more or less for aU crops is rapid 
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during certain hoiirB whereas at others it\^as very slow. Maximum germination 
took place between 3 a.m. and 6 a.m. It was next followed by the interval between 
midnight and 3 a.m. During noon hours germination proceeded very slowly. 
Least germination took place during the hours from 6 to 9 f.m. The rate of ger- 
mination during the different hours of the day for all crops at their optimum depth 
is given in Appendix III. 

The average germination percentage of all crops that took place at different 
hours of the day is given below 

Period of the day (hours) . . 0-3 3-6 6-9 9-12 12-15 15-18 18-21 21-24 

Germination percentage . . 18*1 36*4 16*7 5*4 4*2 7*1 2*4 7*4 

The figures of germination percentage given in the 2nd row above are the 
result of sowing 6,600 seeds of the twenty-two crops under observation. 

In crops as pulses and san-hemp germination, once it has started, is finished 
more or less vdthin first twenty-four hours. In cotton it takes more than forty* 
eight hours. In the case of crops which take more than twenty -four hours for the 
completion of germination, the rate of germination during the various hours of 
the day during the second twenty-four hours was in the same order as in the first 
twenty-four hours. 

In all the tests the data relating to which have so far been discussed seeds 
were sown at 6 p.m. In order to see* whether seeds sown at different hours of the 
day would behave in a similar manner, Mollisoni 15 Desi and 4-F American cottons 
were sown atiheir optimum depths on the 24th May, 1933, at 6 p.m., 7 A.M. (next 
morning) and 12 noon. The land for all these* sowings was prepared at one and the 
same time. Observations were recorded after every hour in this case. The mean 
maximum and minimum temperature and relative humidity during the days of the 
experiment were 108* 1°F. and 76* 1°F. and 36*8 per cent respectively. The detailed 
data recorded after every one hour are given in Appendix IV. To make it compar- 
able with the previous data, recorded after every three hours, data recorded after 
every one hour was grouped into periods of three hours, viz., 3-6, 6-9, etc., etc., 
and the results of the grouping are given below : — 




Ko. of 


Percentage germination during the hours 



hours 

Hours of 





from 






after 

the day 










Variety 

Time of sowing 

sowing 

when 



6 

9 

12 

15 

18 

21 


when 

germination 

0 

3 

Total 



germination 

started 

to 

to 

to 

to 

to 

to 

to 

to 



started 


3 

6 

9 

12 

15 

18 

21 

24 


Mollisoni 15 Desi 

6 P.M. . 

60 

6 A.M. 

10 

16 

34 

14 

2 

2 

••• 

12 

‘90 


7 A.M. (next day) 

66 

1a.m. 

18 

84 

30 

8 

... : 

... 

... 

4 

94 


12 NOON . 

61 

1A,M. 

26 

88 

24 

... 

... : 

J.*A. 

... 

4 

92 

4-F American . 

6 P.M. 

62 

8 A.M. 

16 

24 

34 

. '4 



2 

14 

94 


7 A.M. (next day) 

67 

2 A.H. 

18 

32 

34 

6 

. ■ 1 


... I 

... 

8 

98 


12 NOON . 

61 

1 A.M. 

18 

88 

32 

, : , 1 

4 1 



4 1 

4 

100 
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These fio-ures in general confirm the prev^io^ls observations, int., greater 

percentage ofseeds germinated during the cool hours after mid-mght irrespective 

of the time of sowing. After 9 a.m. germmation declmes steadily. There is very 
little germmation in the afternoon and evening. ^ , i 

Another interesting point which would be observed from the foregoing table 

is that desi cotton sown at 6 p.m. started to germinate sixty hours after sowing 
whereas cotton sown at 7 a.m. took sixty-six hours and cotton sown at 1- noon 
sixty-one hours. 4-F American has also behaved m the same manner. The 
question arises what is this difference due to ? Apart from other tfr^s seed would 
germinate after it has been in the soil for a certain period and if this period ends 
when the hours to follow are favourable for germination it begms to germinate, 
but if at the end of this period the follo-.ving hours are not favourable for germma- 
tion, it seems as if the crop waits for favourable time to come. De^ cotton sown 
at, 6 P M completed sixty hours after sowing at 6 a.m., a time which is favourable 
for germination. So it began to germinate. On the other hand, cotton sown at 
7 A.M., completed its sixty hours at 7 p.m. when time was not favourable for germi- 
nation. It had, therefore, commenced to germinate at 1 a.m. and thus toox 
sixty-.six hours to start germination. Noon sowing commenced germmating after 
sixty-one hours at 1 a.m., when time was favourable for germination. 4-F 

American cotton has also behaved in the same manner. 

Should land be ready in the afternoon, at present the practice is to sow sum- 
mer crops in the evening even if men and bullocks have to be over-strained 
because it is supposed that evening sowings give better germination than sowmgs 
made next morning. The experiments described above, however, clearly show 
that evening sowings have no special advantage over sowings done next morning. 
After the preparation of land the question whether summer crops should be sown 
on the same evening or next morning should solely be decided according to the 
faculties available and not by the necessity of sowing at a particular hour of 
the day. 


SuMMAny 

(1) A good stand of a crop is importanu for the practical farmer as well as the 
agricultural experimenter. The depth at which seed is sown not only a,aects the 
germination percentage of seed and the survival of young see mgs u ^ 
ultimate stand of a crop. Seeds of twenty-two common crops were sown at the 
depths from half to five inches, interval between the successive depths being halt 
inch,'m.,|, 1, 11, etc., and germination counts were recorded after every three 

hours. 

(2) Optimum depth in loam soil for turnips, taramira, iona, sarson, sesamum 
and swank is one inch ; for sorghum, Sudan grass, bajra, and desi cotton 1, inches 
for cowpeas, rnunp, moth, mash, sann-hemp. 4-F American cotton ana wheat two 
inches and for gwara, maize, gram, barley and oats 2 1 inches. 
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(3) Irrespective of the depth and the time at which seeds were sown the rate 
of germination was very rapid from midnight to 9 A.M., while it was very low 
from noon to midnight. 

(4) Practical farmers in the Punjab believe that sowing of summer crops in 
the evening gives better germination than sowing next morning. The results 
obtained in this test do not confirm this belief. 
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STUDIES IN THE GERMINATION OF CROP SEEDS IN THE FIELD 

Appendix I 

Percentage of seeds that geminated from different depths 


5 ! Sann-lieinp 

6 


8 

Sorghum 

9 

Sudan Grass 

10 

Bajra . 

11 

Swank 

12 i 

Sesamum 

13 

4-F. American cotton 

14 

MoUisoni 15 Desi . 

15 

Gram . 

16 

Wheat 

17 

Barley 

18 

Oats e 

19 

Turnips 

20 

Taramira . 

21 

Toria . 

22 

, Sarson 


DEPTHS IN INCHES 


• This has been calculated on the basis of the S. D. per plot calculated by Slsher’a analysis of variance. 

t Botanical na-wes of crops are given in Table I. 
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TM number of hours after which germination started and 



S — Denotes the No. of hours after sowing when germination started. 

P — Denotes the No. of hours after sowing when germination was completed. 
P — Denotes tJie No. of hours during which germination tooh place. 
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II 

finished and period of germination at different depths 


IN INCHES 



n 

"" ' 

3 1 


4 

4^ 

,5 

s 

F 

P 

S 

F 

P 

S 

F 

P 

S 

F 

P 

S 
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P 

S 

F 
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51 

90 

39 

54 

102 

48 

57 

111 

54 

57 

111 

54 

63 

111 

48 

63 

114 

51 

54 

90 

36 

57 

90 

33 

60 

99 

39 

60 

114 

54 

63 

126 

63 

66 

126 

60 

54 

96 

42 

57 

102 

45 

67 

108 

51 

66 

126 

60 

69 

132 

63 

69 

138 

69 

60 

87 

27 

66 

93 

27 

69 

108 

39 

69 

111 

42 

69 

138 

69 

78 

138 

60 

45 

75 

30 

45 

87 

42- 

48 

96 

48 

48 

96 

48 

51 

120 

69 

51 

126 

75 

51 

93 

42 

54 

114 

60 

60 

120 

60 

63 

123 

60 

63 

132 

69 

78 

150 

72 

72 

108 

36 
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114 

39 ' 

78 

114 

36 

78 
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36 

78 
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60 
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63 
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81 

81 
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66 
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72 

114 

42 

72 
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42 

84 
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30 

84 
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30 

72 
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60 

81 
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57 

84 
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54 

84 
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72 
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81 

156 

75 

81 
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75 

81 
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84 

84 
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90 
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123 
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249 
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78 

153 

75 

81 
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78 

81 
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81 

87 
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120 

87 

222 
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99 

222 

123 

102 

123 

21 

108 

138 

30 

114 
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45 

114 
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51 

120 
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48 
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45 

114 
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30 

117 

147 

30 

123 
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33 

129 

177 

48 

132 
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51 

141 
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48 
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168 

42 
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171 

45 
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177 

45 

144 

192 

48 

150 

201 

51 

150 
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54 

135 

177 

42 

136 

183 

48 

150 

201 

51 

156 

207 

51 

159 

207 

48 
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207 

45 

lOl 
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67 

144 

171 

27 

144 

171 

27 

150 

180 

30 

153 

183 

30 

168 

192 

24 

84 

144 

60 

87 

156 

69 





... 






... 

... 

84 

159 

75 

102 

159 

57 

105 

169 

64 


... 
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51 

90 

156 

66 
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156 

48 

132 

156 

24 









Percentage of seeds germinated during the different hours of the day from optimum depth for each crop 


796 


INDIAK JOURNAL OF AGRICULTURAL SCIENCE 


[VI, III 



16 Wheat 




798 


INDIAN JOURNAL OF AGRICULTURAL SCIENCE 


[VI, III 
Appendix 


r 


. 


Oemination percentage of cotton {Desi and American) in 



STUDIES IN THE GERMINATION OF CROP SEEDS IN THE FIELD 


799 





A PHOMA DISEASE OF ASPARAGUS 

BY 

K. F. KHESWALLA, 

Imperiallnstitute of Agricultural Research, Pusa 
(Beeeived for puWication on 19th February 1936) 

(With Plate XLIII) 

Asparagus is extensively grown in some parts of Europe and America from 
where canned asparagus are exported. In India its cultivation is limited to 
certain parts of the country and in addition to its use as a vegetable, the berries 
are often employed medicinally by the hakims. 

Symptoms 

In 1935 asparagus plants at Pusa were found to be affected by a fungus 
disease. The first symptom is the discoloration of the tissue of the stem, into 
light brownish areas which become dark brown as the disease advances. The 
affected parts become shrivelled but do not collapse (Plate XLIII, A). The tissues 
at the centre of the spots become ashy white and later show small dark bodies. 
These are seen on microscopic examination to be the pycnidia of a fungus. The 
pyonidia break through the epidermis which cracks longitudinally. The growth 
of lateral branches is frequently checked (Plate XLTII, B). The disease appears 
on all parts of the plants except the berries but is principally confined to the main 
stem. In advanced cases the needles become yellow, and the plants may become 
completely or partially defoliated, and finally wither. The pith of the affected 
stem becomes ashy white and spongy, owing to the invasion of the fungus hyphae. 

PATHOGEmCITY 

Cultures of the fungus were obtained by planting sterilised bits of affected 
tissues on Quaker-oats agar slants and from these pure cultures were re-isolated . 

Several successful inoculation experiments were made at Pusa daring the 
rains and autumn on un wounded and wounded asparagus stems and pathogenicity 
of the fungus was thus proved. The method employed was to place fragments 
of culture or of naturally infected tissue in contact with the healthy stems — either 
with or without wounding — and to keep moist by binding round with damp cotton 
wool. As might be expected infection took place more rapidly on wounded than 
on unwounded plants. The influence of climatic conditions on the incidence 
of the disease was indicated by observation that both natural and artificial infec- 
tion took place more readily during the monsoon than during the following months. 
The fungus was re-isolated from the inoculated parts and compared with the 
parent culture and was found to be identical. 


( 800 ) 
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Moephologv of etjngus nr CTJLa?TJEE 

On rich nutrient media like Quaker-oats agar the fungus grows profusely. 
Growth is at first confined to the substratum, and when the fungus reaches the 
edge of the slant aerial mycelium is formed. The mycelium is at first hyaline 
and then turns light brown, and the hyphae vary in breadth. As the cu lture 
grows old vesicles are formed in the hyphae. Light brown pycnidia are formed 
at the margin of the agar slant, but fail to mature. On sterihsed fragmenta_of 
asparagus stems, however, pycnidia with numerous pycnospores are readily 
formed. On Dox’s agar, Brown’s agar, and Hopkin’s agar the growth is poor, 
and pycnidia are rarely formed, 

Miceoscopio chaeacters 

Sections were made of the infected stems of asparagus and exammed under 
a microscope. The mycelium is composed of septate hyahne threads which ram y 
in all parts of the stem. It is both intra and inter-cellular. Comparatively httle 
mycelium is found in the sclerenchymatous tissues, but in the bun^es an m 
p4 it is found abundantly. The pycnidia are usually borne under the epidermis 
and when they are matoe they break through it. The 

or spindle-shaped, hyaline and one-celled. They measure 5- 1-10 2x1 7-3 4p. 
The conidiophores are not distinctly visible. 

Systematic position 

The fun<.us was first described by Fuckel [1869] as the spermopnial form bf 

stage of Bubat 

fwOel’IStetttat fa P. aSKfa-W to fo™d A B form, of 

He described the A ^ j irancre of 200 spores of the Pusa 

ITo- 17“^ ,li htr tte A fosm of spot*, of BoUt 

toa recorded FKcr.a ^ “repe'es*^, PW — » EH- 

known on «rnot Ung distfaet conidiophores. 

iro“lS:,'S”e"r«on:d.redfa he PW «p.r«pi Sacc. This 
appean, to he the first record of the tnngna fa Ind». ^ 
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Thants are "due to Mr. E. W. Mason of the Imperial Mycological Institute, 
for the help rendered in the .identification of the fungus, and for references to the 
literature. 
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GUMMOSIS OF CITRUS IN BOMBAY 


BY 

B, N. UPPAL, 

Plant Pathologist to the Bombay Government , 

AND 

M. N. KAMAT, 

Assistant liycologist, Bombay Department of Agriculture # 

(Peceived for publication on 30th October 1935) 

(With Plates XLIV-XLVI and two text-figures) 

Intboddction 

Gummosis, one of the commonest and most destructive maladies of citrus, 
has an extensive geographical distribution. In the Bombay Presidency it was 
first recorded on the pomelo, "^Citrus grandis Osbeck, in 1910, although it is probable 
that the disease had existed in the citrus orchards for a long time. The disease, 
however, did not attract much attention until 1923 when serious outbreaks were 
reported on sweet orange locally known as mosamhiy a horticultural variety of 
Citrus sinensis Osbeck, from important centres of citrus cultivation. In a few 
years the disease has been widely distributed, and there is now hardly a locality 
in the Bombay-Deccan free from it. 

Fawcett [1923] published the results of his experiments in 1923, but since 
he came to the conclusion that pathological effects associated with gum forma- 
tion were produced by a number of independent organisms, it was considered 
necessary to undertake an investigation into the nature of the disease as it occurs 
in Bombay, the conditions influencing its development, and the method of pre- 
vention and treatment. Unfortunately, there have been many interruptions in 
the progress of the work, and it has thus not been possible to publish these results 
at an earlier date. This paper embodies the results obtained during the period 
from 1925 to 1932, inclusive. 

HoxE The writers acknowledge the assistance rendered by Mr. M. K. Desai, 

ibimcuiy Ag. Assistant Mycologist, in field experiments. 

The names of species and varieties of Citrus used in this paper are according to» 
W. T. Swingle (“Citrus” in Bailey’s Standard Cyclopaedia of Horticulture, Vol. 2, 
pp. 270-785, New York, 1914) and G. S. Cheema and S. S. Bhat (“ A Study of the 
Citrus Varieties of the Bombay Presidency ” in Cmrent Vol. 2, pp* 

[1934.) V 


g04 INDIAK JOURNAL OF AGRICULTURAL SCIENCE [Vl, HI 

A valuable review of literature dealing with gummosis and brown rot of 
citrus has been piibhshed by Fawcett [1923, 1 ; 1923, 2.] 

Symptoms 

In Bombay gummosis produces typical symptoms in mosambi and affects 
the trunk. In the field it is characterised by the copious exubation of a resinous 
gummy substance and the cracking of the bark for considerable distances upwards 
from the bud union (Plate XLIV, figs.l and 2) ; in an advanced case of attack there 
may fee extensive shedding of the bark exposing the wood below (Plate XLIV, fig. 
3). TMs is followed by the yellowmg and drooping of leaves, and the affected 
trees look as if sufferhig from the effects of a drought (Plate XLIV, fig. 4). 

In the early stage of the disease, if the bark in the invaded region is scraped 
with a knife, the inner surface shows brovm discoloration which gradually fades 
at the margins of the invaded zone into the normal colour of the sound tissue 
(Plate XLV, fig. 1). It is beyond the invaded region that the fungus is most 
actively growing. The bark remains firm at first, but ultimately shrinks and 
cracks longitudinally. 

In time the invaded region extends considerable distances upwards from the 
bud union but relatively smaller distances sidew^ays. Invariably there is a rapid 
upward extension from the bud union, and the barb may also crack longitudinally 
50 to 60 cm. or more in length. The most serious aspect of the disease is in the 
lateral extension of the invaded region, and when more than tw^o-thirds of a trunk 
is gfrdled, treatment becomes difficult and the tree eventually dies (Plate XLIV, 
figs. 3 and 4). 

In the area surrounding an advanced region, a watery substance is produced 
underneath the bark, and as the gum accumulates in large quantities near the 
cambium, the bark is separated from the wood below, thus forming gam pockets. 
The pressure mltimately is so great that the bark cracks longitudinally and masses 
of watery gum come to the surface where they soon dry by loss of water. There is 
often such a copious exudation of gum that masses of it run down the trunk and 
accumulate at the base in the dry season. 

In badly affected trees the dead bark dries and sloughs off. The wood thus 
exposed, if unprotected, is attacked by the wood-rotting fungi and decays. 

In wet or damp weather the fruit is also attacked. During the rains the 
fungus produces the active motile spores or zoospores, which are the principal 
agents in the spread of infection. These zoospores are splashed from the soil to 
fruits on branches almost touching the ground, and germinate by iiyphao whicii 
enter the rind or underlying tissue. After a few days an oily spot appears on the 
surface (Plate XLV, fig. 2 (a)), which rapidly enlarges in extent until the wliole 
fruit is involved. The affected fruits fall to the ground, and the fungus soon comes 
out on the surface as small white patches of mycelium. 




Fig. 2. Same as Fig. 1 and accompanied by 
copious exudation of gum. 


A niosambi tree affected with gummosis 
sliomng cracking of bark. 


A severely affected tree showing 
drooping of leaves. The tree 
ultima telv succumbed to the disease.. 


An advanced case of gummosis showing 
extensive shedding of bark, resulting in 
the death of the tree. 
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PLATE XLV 



Fig. 1. 



. An affected tree in which diseased 
bark was removed with a knife. 

Note an area of brown discoloration ™ — 

in the centre surrounded by healthy 

tissue. Fig. 2. (a) A mosambi fruit showing an oily spot due to infection. 

{b) and (c) Note mycelial growth on the surface of affected 
fruits after they have been kept under a belhjar for a 
few days. 
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Phytophthora palmivora. 

Fig. _ 3. A. Mature sporangia of common shapes and sizes 
each showing a proniment papilla of dehiscence. B. Intercalary 

F ^Po^angia showing characteristic 

germination by formation of zoospores and by hyphae. D. Section through 
a portion of affected rind showing intercellular and intracellular mycelium. 
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As the diseavse progresses, the colour of the affected fruit ohauges to dull 
brown. Under field conditions, the fungus has never been observed to produce 
superficial growth on diseased fruits still hanging on the trees, but growth appears 
after an affected fruit has been kept under a bell- jar for a few days CPlate XLV , 
fig. 2 (6) and'2 (c)). The odour of the affected fruit is very characteristic and quite 
pleasant, but becomes fetid through the invasion of the fruit by secondary decay 
organisms. The affected fruit remains firm and intact until secondary organisms 
have reduced it to a mass of putrefying tissue. 

In the Bombay Presidency brown rot is very common on mosambi, but has 
also been noticed on santra fruits (Oitrm nohilis Lour. var. deliciosa Swingle). It 
resembles in all respects the California brown rot of lemon, Citrus Umonia Osbeck, 
caused by PlmjtoiMhora oUrophthora (Siu. & Sm.’‘ Leoniau [Smith, 1907], 


Distribution and economic impobtancb 


There are no published records of the occurrence of citrus gummosis in India, 
which is widely distributed in the Bombay -Deccan. It occurs in a serious form 
in the Deccan and, although it is very destructive in East Khandesh, its absence 
in the Central Provinces can only be explained on the basis of unfavourable weather 
conditions, since Mr. J. P. Dastur in a personal communication reports that the 
varieties of citrus grown in the Central Provinces either for stock or for fruit are 
the same as those commonly found in Bombay. The disease has not been reported 
from Gujarat and the Karnatak. Xarasimhan [1927], however, has recorded 
PhytopUhora arecae (Coleman) Pethybridge on fruits of Citrus medica and Citrus 
Umonia in Mysore, but he has not reported whether this fungus can also cause 
gummosis in citrus trees. 

The rapid extension of gummosis in the cortex occurs mainly during wet 
weather, the injury commencing as the monsoon breaks and continuing till the 
advent of hot weather. It is particularly severe in months of heavy rainfall and 
during the cold season when late rains are received in heavy quantities. Under 
such conditions infection spreads rapidly in the orchards, and also the brown rot 
of fruits becomes very prevalent, 

Gummosis attacks citrus trees of all ages, but is often very destructive in young 
plantations. On the Deccan Canals the disease appears in more or less serious 
proportions and the damage may be as high as twenty to twenty -five per cent in 
many orchards. Table I brings out the extent of da.mage in mosambi orchards 
at a few centres in the Deccan. At Utran in East Khandesh, gummosis has 
caused very heav,y losse>s in the largest citrus - orchard in the Bombay Presidency. 

" The disease is thus a serious inenaee to the economic growing of citrus in Bombay, 
and even the death of a few valuable, trees fn a-n oreJia-rd may mean a serious loss 
to,, a; grower. . 
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Table I 


Showing the extent of gmnmosis in mosambi ixees in the Deccmi (surveg 

of 1924^25) 


Place 

No. of trees 
examined 

No. of trees 
infected 

Per cent 
infection 

Baramati 

500 

65 

12 

Poona . 

336 

75 

21 

Junnar ..... 

800 

i 2D1 

25 

Poona . . 

1,121 

110 

9 

Bahata . . 

1,200 

256 

21 

Poona . 

1,800 

108 

6 

Loni ..... 

1,000 

60 

6 


Pathogenicity 

Isolation.— In the early stages of this work the fungus was isolated from the 
diseased bark just beyond the invaded region, since in this region the fungus is 
making the most active growth. It was also obtained from naturally infected 
mosambi fruits. More than 160 isolations have been made during the course of 
this work, the majority of the isolations being from the diseased fruits. In all 
these cases a species of PhytophtJiora was obtained in pure culture. The fungus 
can also be easily brought into culture from mosambi fruits kept in contact with 
wet, infected soil collected from the base of heavily diseased trees. The fungus 
enters the fruit from the infected soil and may easily be isolated by transferring 
sterilised bits of diseased rind to tubes of oat-meal agar. 

The material for isolation was carefully selected from young lesions on tho 
stem and from infected fruits which were still finh and emitting a characteristic 
pleasant odour, as it had been the experience of one of us [Kamat, 1927] that, 
when isolations were made from older lesions on the stem and from fruits which 
had become soft and fetid, secondary organisms like bacteria and Fusarmm were 
sometimes present in the culture besides the usual PhytopUhora. The material 
from which isolations were made was first disinfected in a one in 1,000 Bolution of 
mercuric chloride for three minutes and washed in several changes of sterile, 
distiUed water. It was then placed in tubes of oat-meal agar and incubated at 
room temperature of 25° C. 

Inoculations , — Several young mosambi plants in pot-cultures were inoculated 
with two-week-old cultures of the PhytopJithora on citrus grown on oat-meal agar. 
A T-shaped slit was made with a sharp knife in the bark at the bud union, and 
bits of mycelium from young cultures were applied to the out surface under aseptic 
conditions . A similar slit was made on the other side of the union, but no mycelium 
was applied in this case. Cotton wool was wrapped over these slits and was kept 
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moist with, sterile water. At the end of a week cotton was removed, and daily 
observations were recorded for the period of the experiment. Two of these experi- 
ments are described below. 

On May 20, 1926, a two-year old mosambi tree budded on a jamburi stock, a 
horticultural variety of Citrus Umonia Osbeck, was inoculated in the above manner 
at a point a little above the union. On May 31, gum drops appeared on the slit 
and the bark around the inoculated region had turned brown. After another 
week these symptoms became very pronounced until, on J une 14, gum was actively 
oozing out of the slit (Plate XLVI, fig. 1), and the area of discoloured bark was 
4x l| cm. (Plate XLVI, fig. 3). The leaves on the inoculated side of the 
tree were yellow and drooping (Plate XLVI, fig. 2). A similar experiment was 
started on May 26, and the first signs of infection were visible on June 11. By 
June 16, gum was exuding copiously and the extent of discoloured bark was 3 Xl| 
cm. The leaves on the inoculated side of the tree were di’ooping, whilst those on 
the opposite side were healthy. The fungus was recovered in re-isolation in both 
cases, and the control cuts remained healthy and healed normally without 
exhibiting any signs of infection. 

Many similar inoculations were made, and the results of some of these tests 
are recorded in Table II. In all cases including those not mentioned in the table, 
inoculation with a pure culture of the fungus resulted in positive infection. 

Table II 


Results of inoculation of mosambi trees with Phytophthora sp. 


Point of inoculation 

Date 

of inocula- 
tion 

Date 

of obsenj^a- 
tion 

Extent 
of gum 
lesion 

Amount 
of gum 
formation 

Bud union 


1926 

20tli May 

1926 

24th July 

6X3 

Moderate 

Bud union 


1st June 

20th Aug. 

5x3 

Moderate 

Bud union 


1st „ 

20th „ 

10x3 

Abundant 

Bud union 


26tb July 

5th Oct. 

4x2-6 

Moderate 

Bud union 

« 

26tb „ 

26th Sept. 

3x2 

Modei-ate 

Bud union 


3rd Aug. 

5th Oct. 

5X3 

Abundant 

Bud union 


26th July 

5th „ 

6x2»5 

Abundant 

Bud union 

m 

3rd Aug. 

5th „ 

4x3 

Moderate 

Bud union , 

■ #■ 

6th Aug. 

10th Sept. 

4X3 

Abundant 

Bud union . 


1928 

6th Aug. 1929 

1928 

10th Sept. 1929 

12x3 

Abundant 

Controls. » 

* 


• • 

Ml 

Nil 


In another experiment the results of which are shown in Table III, inoculum 
was applied to slits made on dijSFerent parts of a mosambi plant budded on b jamburi 
stock. The results indicate that the part of Citrus sinensis most susceptible to in- 
fection is the bud union, although inoculations also succeeded on aerial branches 
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with slight gumming in a few cases. The roots and stock oijambufi were completely 
resistant, and this explains the common observation in the field that infection 
rarely travels downwards from the bud union. 

Table III 


Relative resistance of different parts o/mosambi to Phytophthora sp. 


Part of plant 
inoculated 

Date 

of inocula- 
tion 

Date 

of observa- 
tion 

Extent 
of lesion 
in cm. 

1 

Amount 
of gum 
formation 

Stock, 4in. 
fiTound 

above 

3rd Aug, 1926 . 

5th Oct. 1926 . 

2x1-5 

Nil 

Aerial branches 

22nd Aug. 1928 

lOth Sept. 1928 

Nil 

Very slight 

S ock, just 

below 

3rd Aug. 1929 . 

21st Aug. 1929 

Nil 

Nil 

bud union. 






Boots just 

below 

5th July 1926 . 

25th Sept. 1926 

Nil 

Nil 

the soil. 






Stock, 6 in. 

above 

27th July 1928 

10th Sept. 1928 

Very slight 

Nil 

ground. 





Abundant 

Bud union 


6th Aug, 1928 • 

10th Sept. 1928 

12x3 


Relative RESisTAiiOE oe citrus to gummosis 


It is a common observation that different species of Citrus show variation 
in resistance to gummosis under field conditions. Some of the species are com- 
pletely susceptible, whilst others exhibit resistance of a very high order almost 
approaching immunity. The information on the relative resistance of species 
of Citrus is therefore of great practical value, since the use of resistant stock is an 
important method of preventing gummosis. 

The species and varieties of Citrus tested were those commonly grown or used 
for stock in the Presidency. Young plants of these species were grown in pots 
and inoculated with bits of mycelium inserted into slits cut in the bark and after- 
wards covered with wet cotton wool, which was removed after a week. The 
inoculated plants were kept in a shaded greenhouse and examined after definite 
periods when the length and width of discoloured bark were measured in each 
case. The results are summarised in Table IV, 


Relative resistance of different species of Citrus to mosambi Phytophthor^ 
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Htrus sinensis. 
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The results indicate that the species of Citrus grown in Bombay can be grouped 
into three classes on the basis of their resistance to gummosis. The pomelo and 
mosambi are uniformly very susceptible, and in these species the lesion enlarges 
rapidly accompanied by profuse gumming. The mosambi^ Citrus sinensis Osbeck, 
showed such a high degree of susceptibility to gummosis that the area of the 
lesion was 5x3 cm. in eighteen days after inoculation. Next in the order of 
resistance is the common mandarin or santra^ Citrus nobilis Lour. var. deliciosa 
Swingle, in which the extent of the lesion produced is limited and there is very 
slight gum formation ; the inoculated trees show a strong tendency to form a 
callus tissue along the edges of the dead bark. The hagdi lemon, a horticultural 
variety of Citrus limonia Osbeck, may be considered almost immune from gum- 
mosis, since the disease makes little progress and there is rapid callus formation 
and the wound heals completely. These results are thus in accord with the general 
horticultural practice to graft the sweet susceptible mosambi on the sour resistant 
Btodkoijamburi, 

The causal fungus 


Morj^hology . — ^The mycelium is unseptate, sparingly branched and granular. 
On corn-meal agar the mycelium makes moderate aerial growth. Within the 
rind the mycelium is not so irregularly shaped as on culture media, and is mostly 
inter-cellular, sometimes intra-cellular without haustoria (Plate XLV, fig, 3D). On 
potato-dextrose agar there is practically no aerial growth, but the mycelium 
within the medium is stout and irregularly shaped. On oat-meal agar there is also 
little aerial growth but better than on any of the media tested. 

The relation of temperature to growth on oat-meal agar was tested, and 
cultures were incubated at 4*5, 7-5, 11-5, 17, 20, 26-27, 30, 32*5 and 35° G.in 
the cold storage rooms of the Fruit Research Station at Ganeshkhind. The 
tests were run in triplicates, and the results in Table V are the average of the 
growths in the plates incubated at each of the above temperatures, Growth wa§ 
measured after eight days. 

Table V 

Effect of temperature on growth of mosambi Phytophthora on oaUmeal agar 


4*5 

7-5 

11-6 

17 

20 

26-27 

30 

32-6 

35 


Temperature 


rc.) 


Mean diameter of colonies in cm. 


0 

trace 

1 

6.9 

8.5 
9.7 
9.3 

4.6 
0 


hrMrnmm of coLONy m CENit wtTsnjs 
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The fungus grew abundantly at 27 to 30^ C., but failed to develop at 35"^ C. 
At lower temperatures, it made very slight growth at 7-5° C., but failed to grow 
at 4- 5® 0. The rate of growth at different temperatures is illustrated in Fig. 1. 


fS FS 


SO W W 


Tmpsmrmms m mQUMBs CBNnci^m 

Fig. 1. Showing the eSect of temperature on the growth of mosambi 
PhytQphthora on oat-meal agar. 
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‘ Sporangia are completely absent on potato-dextrose agar, but are fairly 
abundant on one-week-old cultures of oat-meal agar. Corn-meal agar was not 
as favourable for sporangium formation as oat-meal. Tlie sporangia are large, 
terminal and lemon-shaped with a prominent apical papilla of dehiscence (Plate 
XkV, fig. 3 A). They are extremely variable in size and measure from 23 to 79p. 
in length, with the length mode failing in the class between 53 to 54*9. The 
range of variation in width, however, is not large, since about seventy per cent of 
sporangia fall in the class between 25 and 28‘9[x (Table VI). 

Table VI 



Measurement of sporangia of Phytophthora causing gummosis o/mosambi 


Length 

Width 

Classes in 

ISTo. of 
sporang'a 
in 400 

Classes in 

No. of 
sporangia 
in 400 

21 to 22*9 

0 

15 to 16*9 

0 

23 to 24-9 

2 

17 to 18*9 

9 

25 to 26-9 

3 

19 to 20*9 

10 

27 to 28*9 

6 

21 to 22-9 

22 

29 to 30-9 

8 

23 to 24*9 

31 

31 to 32 -9 

8 

25 to 26*9 

160 

33 to 34-9 

9 

27 to 28-9 

119 

35 to 36-9 

9 

29 to 30*9 

27 

37 to 38*9 

10 

31 to 32*9 

14 

39 to 40-9 

10 

33 to 34*9 

8 

41 to 42*9 

11 

35 to 36-9 

0 

43 to 44.9 

14 



45 to 46-9 

15 



47 to 48*9 

23 



49 to 50*9 

41 



51 to 52*9 

54 



53 to 54*9 

60 



55 to 56*9 

29 



57 to 68*9 

20 



69 to 60-9 

17 



61 to 62*9 

16 



63 to 64*9 

10 



65 to 66*9 

7 



67 to 68*9 

7 



69 to 70*9 

4 



71 to 72*9 

3 



73 to 74*9 

2 



75 to 76*9 

■ . 1 ■ ■ 



77 to 78*9 

1 



79 to 80*9 

0 




■' ' ' 1 , , 


i 

i 


t 


4 
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Sporangia ar© produced sparingly in culture, but they are formed freely when 
young mycelium from a rich medium, such as prune juice, is transferred to sterile 
blotting paper floating in water in a Petri dish. Under these conditions sporangia 
are produced in abundance within twenty-four hours. Recently Fawcett and 
Edotz [1934] have described a somewhat similar method for inducing abundant 
production of sporangia in Pkytophthora. 

Germination of mature sporangia was studied in water cultures and is much 
influenced by temperature. The figures in Table VII are the average of three tests. 

Table VII 

Effect of temperature on germination of sporangia of mosambi Phy tophthora 


Temperature (®C.) 

1*5 .. . 

4-5 • . 

7*5 

11*6 . . . 

17 . . 

20 . . . . 

26-27 .... 

30 . 


Per cent of germination 
Direct Indirect 


BM 
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N' ■'" fiSlI 

Tlie sporangia produce zoospores at 1-3®C., and the amount of indirect " 
gwmination increases as temperature rises, and is at its optimum at 20°C. ; it 
falls off sharply with further rise in temperature until it is replaced completely 
by direct gemination at 35°C. The sporangia also germinate by the production of 
germ-tubes, and the optimum temperature for this type of germination is 26-27°C. 
They do not produce germ-tubes below 7 -ST., but do so readily at 35°0., at 
which temperature the fungus fails to make any mycelial growth on oat-meal 
agar (Kg. 2). 
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Tiie fungus does not form oogonia in culture, but produces cHamydospores 
in large numbers in cultures about two weeks old on oat-meal or corn-meal agar. 
They are pale yellow, spherical or sub-spherical, mostly terminal but sometimes 
intercalary, thick -walled and granular, and germinate by one or more germ-tubes 
(Plate XLV fig. 3 B). In size they range from 12 to 43 p, a majority falling in 
the class between 29 to 35p (Table VIII). 

Table VIII 


Measurements of chlamydospores o/mosambi Phytophthora 


Classes in 

1 Diameter 

Number of chlamydospores in 400 

11 to 12-9 . 






0 

13 to 14*9 . 






1 

15 to 16*9 . 






11 

17 to 18*9 . 






13 

19 to 20-9 . 






14 

21 to 22-9 . 






16 

23 to 24-9 . 






28 

26 to 26-9 . 






30 

27 to 28*9 . 






30 

29 to 30-9 . 






50 

31 to 32-9 . 






97 

33 to 34*9 * 






61 

35 to 36*9 . 






29 

37 to 38*9 , 






17 

39 to 40*9 . 






2 

41 to 42*9 . 

• 

• 


• 

• 

1 


Taxonomy * 

In connexion with the identity of this fungus the species of PhytophtlioTa 
that bear close resemblance to the description above given are Phytophthora 
citropUhora (Sm. So Sm.) Leonian, P, parasitica Dast. emend. Ashby and P. Palmi- 
vora Butler. Phytophthora citrophthora is very similar to the mosambi Phytophthora 
found in Bombay in respect to the morphology of sporangia and chlamydospores 
and the type of growth on culture media, but differs from the latter by its lower 
temperature range, the optimum- being between 25° and 27°C. (1931). Moreover, 
unlike the Phytophthora ^ P, citrophthora does not grow at 32* 5*^0. but 

makes slight growth at 5°G. The mosambi Phytophthora in Bombay thus differs 
fcom P. citrophthora in its ability to grow at higher temperatures, a character 
considered by Tucker [1931] as of specific value and a useful adjunct to morpho- 
logical characters in the taxonomy of the genus. 

* The wTiters are grateful to Mr. S. F. Ashby, Director, Imperial Mycological 
Institute, London, for help in the identification of the fungus* 
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However, the position in respect to temperature relations is reversed when 
the mosambi PhyiopMhora is compared with P, parasitica. The latter develops 
rapidly at 35‘^C. (1931), at which temperature the growth of the mosamhi Phyto- 
phthora \b completely suppressed. On culture media the mosamhi PhytopMhora 
makes moderate aerial growth, whilst P. parasitica grows very profusely (1931). 
Besides, the tufted growth of P. parasitica serves to distinguish it from the radiate 
and appressed growth characteristic of mosamhi Phytophlhora (1931) . 

It will be seen from the above discussion that the mosamhi Phytophthora 
-can be readilv separated from P. parasitica on the basis of its inability to grow 
at 35°C. and the radiate character of its growth. It, however, makes a fairly 
good growth at 32‘5®0., and in this respect resembles P. palmivora and differs 
from P. citrophthora ; its optimum temperature for growth also approximates that 
of P. palmivora and is higher than that of P. citrophthora. The abundant forma- 
tion of chlamydospores and in a few cases of sporangia in young cultures and the 
conidial dimensions are the other two characters which the isolation from mosamhi 
has in common with a typical strain of P. palmivora. Also like P. palmivora y the 
Bombay fungus does not form oospores in pure culture and, according to Mr. S. P. 
Ashby to whom a culture was sent for opinion, it falls in the * rubber ’ group of 
P. palmivora as it readily forms these sexual bodies when grown with a member 
of the ^ cacao ’ group. 

Phytophthora palmivora has not been reported elsewhere* as the cause of 
gummosis in citrus although Tucker [1931] is of the opinion that this species has 
probably a wide geographic distribution, and that many of the isolations from 
citrus in various regions generally referred to Phytophthora citrophthora are probably 
strains of P. palmivora. In a letter Mr. Ashby also reports that an identical 
strain has been isolated by Miss Hellinger from a brown lateral lesion on an orange 
fruit from Tanganyika Territory in East Africa. It appears, however, that the 
strain causing gummosis and brown rot of mosamhi in Bombay is distinct from 
the one shown by Ocfemia and Kolden [1927] to cause seedling and shoot blight 
of various species of Citrus in the Philippines. 

Control 

Prevention . — ^In the control of citrus gummosis, preventive measures play 
an important part, and some of the methods in common practice may be briefly 
discussed. 

It has been shown above that some of the sour varieties of citrus, notably 
jamhuriy a horticultural variety of Citrus limonia, are highly resistant to gummosis, 
and that the causative fungus enters the tree at the bud union. It is therefore 
essential to graft pomelo or mosamhi on a resistant stock at least six inches above 

* After the paper was submitted for publication, Briton- Jones and Baker reported 
Phytophthora palmivora as the cause of gummosis in citrus in Trinidad. {Tropical 
Agricultural^ : 119-125. 1935). 
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the ground. This method was first introduced in Italy and is now commonly 
practised in California and other citrus-growing regions. 

Soil should not be piled up around the trunk to prevent the collar from too 
long contact with irrigation water. This practice is very important in orchards 
where citrus trees are budded low or planted deep in the soil, since the causal 
organism enters readily at the bud union from the soil harbouring infection. The 
earth should therefore be removed at the base of the trunk and piled into a small 
encircling mound so as to prevent both soil and irrigation water from coming 
into direct contact with the trunk. 

Excessive flooding of gardens should be avoided as this tends to create water- 
logged conditions in heavy soils. 

Treatment , — ^When citrus trees are affected, the only feasible method of 
treating gummosis is the excision of the diseased bark. Treatment, however, is 
difficult if the disease is in an advanced stage, although gummosis can be. success- 
fully treated in early stages. Before describing experiments on the effectiveness 
of fungicides tested, the method of treatment may be briefly discussed. 

The bark should be scraped until the extent of the diseased patch is determined. 
The affected bark should then be isolated by cuts extending to the wood, taking 
care that no injury is caused to the wood by this operation. The cuts should 
be extended at least half an inch on all sides beyond the limits of the diseased 
zone. The affected bark should then be removed and the wound covered with 
twenty-five to thirty per cent creosote oil, which should be allowed to penetrate 
into the wood and the bark at the sides of the wound so as to kiU the fungus. 
After the surface of the wound is dry, it may be painted with coal tar to protect 
the exposed wood from the wood-rotting fungi. 

If the diseased bark is not carefully removed, the disease may re -appear at 
the side of the wound, which will require further treatment. Growers are there- 
fore advised to inspect the treated trees periodically to see whether the treatment 
has been successful. 

Fungicides 

These experiments were undertaken in the search of a fungicide which, besides 
being a good disinfectant, is easy to apply and penetrates readily into the wood 
and the bark at the cut surface of the wound. A brief description of these experi- 
ments follows. 

Experiments in 1924-26 , — The fungicide tested was crude liquid carbolic 
acid diluted with an equal amount of water, and the results have already been 
reported separately by one of us [Kamat, 1927], but are briefly summarised here 
to facilitate reference. About 133 diseased mosambi trees were treated in 1924- 
25, out of which 120 trees were completely cured. The appearance of gummosis 
in a few cases was probably due to the failure to remove diseased bark completely. 
The results are shown in Table IX* 
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Table IX 

Experiments on the treatment of gummosis with 50 per cent carbolic arid durinq 

mi-20 


Place 


Baramati 
Poona . 

Jiirmar . 
Bahata . 


Number of trees 
treated 

Number of trees 
cured 

1924-26 

60 

55 

73 

65 

1925-26 

201 

200 

252 

245 


Per cent of 
success 


9P6 

89*0 

99-5 

95*2 


at Wr and the reSSf ™ 

pletaly recovered out of 453 trees treated ^ gJnllL " 

-l™ to the hark 

Presidency. In 1928 however recommended to citrus growers in the 

suffered very heavy losses due to th! t Pi^omment growers in East Khandesh 

by the application of undiluted cmd^^r ^ondred wosamfti trees caused 

therefore'^Sinsidered en^ f <?• This fungicide was 

search was again made for an effeoti + + ^ citrus growers, and the 

the treated trees under any oonditiolr incapable of causing injury to 

and crude TarbSld? ^eosote 

and were sent for testing by a commpr-m i o orwm were proprietary compounds 
being insoluble in water were apphed in Bombay. Creosote and Zulite 

used in dilute solutions and also^in f n ^uU strength. Plorium, however, was 
check. All treatments were mllel f V ^ 
painted with coal tar after the treatmZT”''?!’^.^''* set of treated trees was 
results of the field trials Z L ^'^ooated. The 

centres are recorded in Table X. 
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Table X 


Summarised results of experiments with different fungicides in the treatment of gum- 

mosis during 1928-29 


Treatment 

Number of trees 
treated 

Number of trees 
cured 

Per cent of 
success 

Zulite ..... 

16 

6 

37 -S 

Zulit and tar 

13 

4 

30-8 

Creosote .... 

17 

4 

23*5 

Creosote and tar 

13 

7 

53-8 

Florium .... 

13 

4 

30-8 

Florium and tar 

12 

6 

50-0 

50 per cent Florium 

12 

5 

41-6 

50 per cent Florium and tar 

10 

6 

60*0 

25 per cent Florimn 

10 

■ 7. 

70^0 

25 per cent Florium and tar 

8 

7 

87-5 

50 per cent carbolic acid 

9 

3 

33*3 

50 per cent carbolic acid and tar 

9 

3 

33*3 

25 per cent carbolic acid . I 

8 

4 

50*0 

25 per cent carbolic acid and tar 

9 

3 

33*3 


These results did not indicate any special advantage for any of the fungicides 
tested over the standard carbolic acid treatment. Dilute solutions of Florium 
were, however, the least satisfactory. 

Experiments in 1929-30.' — Since the results obtained in the last year were 
inconclusive, field trials were continued at Eahata with Florium, Zulite and 
Creosote oil, which latter is a proprietary compound containing twenty-five to 
thirty per cent high-boiling compounds, of coal tar and was supplied by the Eastern 
Chemical Company, Bombay. The treated trees were about eight to ten years 
old. The results are recorded in Table XL 

Table XI 


Experiments on the treatment of gummosis with different fungicides during 1929-30 


Treatmen 

Number of trees 
: treated 

h 

Number of trees 
cured 

1 Per cent of 
success 

Creosote oil . 

7 

7 

100 

Zulite and tar 

7 

3 

42-8 

50 per cent Florium and tar 

7 

5 

71*4 

25 per cent Florium ndtar 

11 

8 

72*7 

50 per cent carbolic acid and tar 

10 

10 

100 

25 per cent carbolic acid and tar 

10 

10 

. 

100 


Zulite and Florium were again relatively ineffective, but all trees treated 
with Creosote oil recovered completely. It appears that reosote oil has good 
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penetrating quality and kills the fungus in the bark at the margin of the wound. 
It has still another advantage in that the wound covered with Creosote oil does' 
hot require to be painted with any other substance. 

Experiments in 1930-31.— The results with Creosote oil (25 to 30 per cent) 
were so promising that it was decided to give this fungicide an extended trial 
with many other fungicides including four new compounds, namely wood-tar 
Creosote, Anti-ant, and Pesterine and Colas mixed in equal proportions Wood- 
tar Creosote is a product of the Mysore Iron Works derived as a bye-product in 
the dMtillation of alcohol from wood. Anti-ant was a ' proprietafy compound 
supplied by Hardcastle, Waud & Co., Bombay, and. was mixed with four parts of 
kerosene oil before applying to the gummous wound. Pesterine and Colas were 
obtamed from the Burmah-Shell Company, Bombay. ' Through the generous 
oo-operatioa of Sheth Manakchand Kisondas, about 300 gum-affected trees were 
placed at our disposal for treatment in his plantation at Utran in East Khand- 
esh. The new fungicides were also, tested at Varkhecji. The results am 
summarised m Table XII. 


Table XII 

Experiments on tie treatment of gitmmosis with different fungicides during 1930-31 


Treatment 


Creosote oil « 

Creosote oil and tar 
Wood ar creosote . 

Woodtar creovsote and tar 
Pasterine and Colas (1 ; 1) 
Anti-ant . . 

Plorinm 

Ploriton and tar ^ , 

50 per cent Florinm 
50 per cent Florium and tar 
25 per cent Florinm > . 

25 per cent Florium and tar 
Zulite . 

Zulite and tar . / 

50 pe cent carbolic acid 
50 per cent carbolic acid and 
tar. 

25 per cent carbolic acid 
25 per cent carbolic acid and 
. tar; 


Utran 


No. of 
trees 
treated 


54 

32 

13 


11 

5 

5 

4 

4 

4 

32 

30 

47 

26 

18 

10 


Per cent 
of trees 
cured 


98- 

100 . 

77 

80* 

82* 

80 

80 

75 

50 

75 

90 

93 

93' 

92- 


94-5 

90 


Varkhedi 


No, of 
trees 
treated 


45 

11 

43 

10 

58 

126 


Per cent 
of trees- 
cured 


89 

91 

44 

70 

38 

91 


CrtiMMOSiS Oin eJiTRrJs.IlJ iaOMBAY 


mi 

The results of trials at Utran bring out the high fungicidal value of Creosote 
oil, in which case only one tree failed to recover out of eighty-six trees treated 
with this fungicide. They also confirm the observation that painting with coal 
tar of wounds covered with Creosote oil can be dispensed with wdthout serious 
disadvantage. The results of trials at Varkhedi, however, have little significance 
since the trees were badly affected before the treatment was applied, and in some 
cases the disease had almost girdled the trees. 

Experiments in 1931-32 . — ^Encouraged by the results obtained during the last 
year, another series of trials was arranged at Belapur and Rahuri with Creosote 
oil, woodtar creosote, Anti-ant and Pesterine mixed with Colas. The results in 
Table XIII are in accord with those reported in the previous experiments and 
clearly establish the superiority of Creosote oil as a fungicide. 

Table XIII 


Experiments on the treatment of gummosis with different fungicides during 1931-32 


Treatment 

Belapur 

Raburi 

No. of 
trees 
treated 

i 

Per cent 
of trees 
cured 

No. of 
trees 
treated 

Per c: nt 
of trees 
cured 

Creosote oil . 

65 

100 

17 

100 

Woodtar creosote . 



33 

' 2*8 

Pesterine and Colas (1:1) • 


, , 

12 

83*4 

Anti-ant . . , * 

*28 

100 


. . 


SUMMAEY AND GONCLUSIONS 

Gummosis produces typical symptoms in mosambi, Citrus sinensis Osbeck, 
and affects the trunk. It is characterised by the copious exudation of a resinous 
gummy substance and the cracking of the bark for considerable distances upwards 
from the bud union. The serious aspect of the disease is, however, in the lateral 
extension of the invaded region, which, if not treated, will kill the tree. The causa- 
tive fungus also attacks mosamhi (and santra fruits lying on the ground) 

causing brown rot ; the diseased fruits faU to the ground and are reduced 

to a mass of putrefying tissue through the invasion of secondary decay organisms. 

T^ disease is widely distributed in themosambi orchards in the Bombay- 
Deccan, but has not been reported elsewhere in this country. The disease spreads 
rapidly during damp or wet weather. 

Gummosis can be produced by inoculating bits of mycelium rom a young 
culture of Phyfophthora isolated from an infected fruit, into slits made in the 
cortical tissue of the stem. 
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Experiments on the relative resistance of different species of Citrus indicate 
that the pomelo a^txd mosambi, Citrus sinensis, are highly susceptible, whilst the 
Jcagdi lemon, a horticultural variety of G. aurantifolia, and jamhufi, a horticultural 
variety of (7. limonia, ^tQ almost immune from gummosis. The common mandarin 
or santra, C. nobilis Lour. var. deliciosa Swingle, occupies an intermediate position. 

The morphology of the causative fungus has been described in detail, and 
the fungus is further compared with. Phytophthora citrophthora and P, parasitica, 
the cause of citrus gummosis in other countries. It has been shown that the 
Phytophthora causing moaamM gummosis in Bombay is a typical strain of 
PhytopMhora palmivora Butlpr in the ^ rubber group ’ of that species. 

Grafting of sweet, commercial varieties of citrus on a sour, resistant stock, 
such Bj^jamburi, will prevent gummosis. Both soil and irrigation water should not 
be allowed to come into direct contact with the bud union, since the fungus enters 
the cortical tissue at the bud union from the soil harbouring infection. 

The relative effectiveness of a number of fungicides in treating gummosis 
has been tested. The best method of treatment is to remove the bark and to 
cover the wound with twenty- five to thirty per cent Creosote oil ; the wound may 
then be painted with coal tar, if necessary. 
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A NOTE ON THE HAIRINESS OE COTTON 

BY 

MOHAMMAD AFZAL, B.So, (AaBi.), A. I. C. T. A., 

Gottm Resmrch Botanist^ Lyallpur 
(Received for publication on 4th February 1936) 

The degree of hairiness of cotton is of considerable importance as it has to 
be critically studied in the isolation of special varieties and races of cotton 
Moreover presence or absence of hairs is thought to be associated with resistanca 
or susceptibility to various insect pests, such as Jassids [Empodsca detwistan-s)i 
cotton stem borer, etc. Hairy cottons are also supposed to be resistant to Bed 
Leaf Blight in southern India. In the Punjab it has long been known that hairy' 
cottons are to be preferred for growing in localities where Jassids are a serious 
pest. The investigation of the degree of hairiness of various varieties of cotton 
is, therefore, of considerable importance. 

Indigenous varieties of cotton grown in the Punjab are very hairy indeed, but 
the acclimatized American strains differ a great deal in hairiness. It is realized 
that it is not very safe to introduce smooth-leaved American varieties for general 
cultivation in the Punjab. The determination of the degree of hairiness of all 
American strains bred at the Cotton Research Station, is, therefore, a routine 
operation of great importance. During these investigations, certain observation^ 
have been made, which, so far as the writer is aware, have not been previously 
recorded. These will be briefly described in the present note. 

PbEVIOFS niTEBATURE 

Before describing the observations made, the previous literature will be briefly 
reviewed. References to hairiness of cotton are met with mostly in the genetic 
studies of this plant. Balls [1912] records that hairiness is of several types and 
is controlled by a number of factors, Kearney [1923] found that the degree of 
hairiness of petiole was highly correlated with that of the lower surface of the 
leaf. He observed that the young leaves were much more hairy than the mature 
ones and in bis genetic studies he recorded the hairiness of half mature leaves. 
KulkarmandKhadilkar [1929] also studied the inheritance of hairiness in a cross 
between (?. Mrsutum and (?. barbademe. They have given rather extensive 
data on this point, but have not attempted any factorial analysis of the figures. 
The method of recording the degree of hairiness has also not been given. Harland 
[1932] has studied the inheritance of hairiness in several species of cotton. He 
found intimate connection between the hairiness of various organs of the plant. 

Wild and cultivated cotton plants of the World/* by Sir George Watt. Longman* 
Green and €oinpany» London, 1907 ; p. 59. 

( 823 ) 
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IVom this review of literature it is found that in genetic studies the method 
of recording the degree of hairiness has not been mentioned by many workers. 
Tins, however, is a very important point as will be shown in discussing the present 
data and it is surmised that by a proper appreciation of the facts brought out here, 
the analysis of hybrid population for genetic studies will be greatly facilitated. 


Matebial and method 

. The degree of hairiness of all important new strains of American cotton has 
been recorded. Durmg 1933 the loaves of various varieties were only examined, 
but during 1934 the hypocotyledonary region and the cotyledons were also kept 
under observation. 

In the case of hypocotyledonary region small areas of the bark were peeled 
oif and an area of one cm. XI -5 mm. just from below the cotyledonary node was 
examined under the microscope. Five such areas from different plants were 
examined before the shedding of the cotyledons and the hairiness was expressed 
as an average of these five readings. Thus twelve varieties of American and one 
oldest cottons were examined. All American varieties without any exception 
were found to be non-hairy, while the dm variety fl5 Mollisoni) had eighty- 
seven hairs per 15 sq.mm. 


The cotyledons were examined under a binocular and both surfaces were 
scrutimaed in aU the varieties mentioned above. It was found that both surfaces 
of the cotyledons of aU varieties, including the deal which has harks on the hypo- 
cotyledonary region, were absolutely glabrous. This is rather surprising as 'the 
vems and leaves of some of these varieties are exceedingly hairy. 

It has been reported that hairs on stem and leaves of cotton are deciduous. 
It was, therefore^, thought necessary to fix the age at which counts should bo made, 
ft was decided that all counts should be taken at the age of twenty-two 
days on which day the leaf is fully mature [Afeal, 19331. It was also considered 
necessary to confine our attention to the leaves borne directly on the main stem. 
Five leaves from five dilTerent plants were taken at each time and the number of 
hams was counted from an area of one sq. cm. from five difierent places on each 

leaf and tne hairiness was expres.sed as an average of all these figures. 

In order *0 study the hairiness of a lai^e number of varieties, counts were 

made only on the 6th, 15th, 2.5th and .35th leaf on the main stem. The figmes 
are given m Table!. A consideration of these figures reveals that the foavas 

kfow''^ Thif produced lower 

Sion o^tfe vl explanation of the 

^nfosion of the genetic data with regard to hairiness. It is quite conceivable 

leaves of similar ages and similar situation on the main stem. This error alone 

unsuitabffo: 


Average number of hairs per sg* cm. of leaf arm 
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These figures are, of course, from a few isolated leaves on the main stem and 
in order to confirm these, counts were made on all the successive leaves. Five 
plants of 4 F ware examined on 27th-29th September 1934 and the figures are 
given in Table II. It will again be seen that the upper leaves are much more 
hairy than the lower ones. 

Tablk II 


Averag^e ntmher of hairs per sq. cm. of leaf area in successive leaves up the main 

stem 



15 Mollisoni 

43 r 

4F 

Leaf No. j 

1933 

1933 

1933 

1934 


Dorsal 

Ventral 

Dorsal 

Ventral 

Dorsal 

Ventral j 

Dorsal 

Ventral 

28 






: ! 

518 

61 

27 







659 

84 

28 







587 

86 

29 






i 

644 

87 

3o: 



477 

174 



623 

‘ 105 

31 







654 

117 

32 







629 

110 

33 







685 

109 

34 






i 

719 

128 

35 



408 

109 



744 

142 

36 





773 

122 

777 

152 

37 







679 

138 

88 





760 

127 

756 

155 

39 



504 

194 



823 

196 

40 





882 

122 

886 

229 

41 



494 

137 

713 

111 

986 

266 

42 



765 

187 

1156 

142 

981 

339 

43 



Innum erable 



1068 

399 

44 

1869 

1226 







49 

1224 

890 







54 

2077 

1294 







. 59 

2796 ' 

1736 







64 

innum erable 








The relative hairiness of different varieties is also clear from Table I. The 
desi variety, 15 Mollisoni, is very hairy indeed. 


Counts of Jassid population were also taken in a few cases and it appears that 
j some correlation does exist between the hairiness of leaf and Jassid population, 

; Summary 

-The hypocotyledonary region of all American strains grown in the Punjab 
! was found to be glabrous, but that of cotton had eighty-seven hairs per 15 
sq. mrn. The cotyledons of all varieties were devoid of hairs. 

It has been found that the degree of hairiness increases from the bottom of 
the plant to the top in all varieties. It is, therefore, pointed out that in all genetic 
studies on hairiness of cotton, it is necessary to fix the location of the leaf and its 
age for hair-counting in a hybrid population, otherwise genetic analysis would 
rendered difficult. 
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A NOTE ON THE STERILE HYBRID BETWEEN NICOTIAN A 
TABAGUM L. AND N. PLUMBAGINIFOLIA YW. 

BY 

B. P. PAL, M,So., Ph.D. (Cantab.), P. L. S., 

AND 

PUSHKAR NATH, M.Sa. (Hons.), 

Botanical Section, Imperial Institute of Agricultural .Research, Pusa 
(Beoeived for publication on 31st March 1936) 

(With Plate XLVII and one text-figure) 

Introddctxon 

The genus Nicotiana has been used very extenaiYely for genetic in Ycstigatiom. 
With the object of extending knowledge on the compatibility and relationships 
of the numerous species, a large number of crosses have been made bet ween them 
by various workers. One of the most widely used species has been N* Tahmum 
probably because it crosses so readily and also perhaps because of its economic 
importance. East [1928] in his comprehensive account of the genetics of this 
genus states that one of the few instances where an attempt to cross N. Tabamm 
with another species has resulted in complete failure is that involving N. phmba^ 
ginifolia, Christoff [1928] obtained a few seedlings from the cross N. Tahacim var. 
macrophylla X Y. plumbaginifolia but they died after producing 4-5 leaves. 
The reciprocal cross was entirely unsuccessful. Despite these failures, it seemed 
desirable to attempt the cross again as a study of the important leaf-curl ” disease 
of tobacco at Pusa indicated that out of a number of species and varieties, only 
N. plumbaginifolia possessed any resistance or tolerance to the disease. If this 
species could be crossed with a commercial variety of tobacco, then there was hope 
that it might be possible to transfer the disease -resistance of the former to the 
latter. The endeavour to cross N, plumbaginifolia Avith the Pusa type H. 156 
proved successful and three vigorous hybrid plants were raised to maturity. 

It should be pointed out, however, that N. plumbaginifolia is closely allied 
to N. longifiora Cav. and is considered by some authors [East, 1928 ; Holling- 
shead, 1929] to be merely a variety of the latter. N. longifiora has been crossed 
with N, Tahacum by Christoff [1928] who obtained only defective seedlings, and 
by Malloch and Malloch [1924] who obtained a number of seedlings one of which 
survived long enough to produce flowers. The latter, however, according to the 
authors’ statement, was a weakly plant quite different from the vigorous Tahacum- 
plumbaginifolia hybrids which form the subject of this note. These are sufficiently 
interesting, in our opinion, to merit a brief description. 

The cross was difficult ” and a very large number of pollinations had to be 
made, N, plumbaginifolia was used as the male parent. Two hundred and 
thirty-nine capsules containing much shrivelled seeds were finally obtained. The 
seeds were sown in flats in August|1934, and seven seedlings raised therefrom. 

( 838 ) 





STMILB HtBEID BETWEEN mCOTtA^A TABACVM AND N: PiUMBAGlklFOLU g2§ 

The latter were planted ont in the field when large enough to handle. They showed 
marked differences in vigour, and only three reached maturity. These, however, 
were vigorous, and flowered very freely, , , 

DeSCEIPTION of parent varieties and Fi 
N. Tabactiin var, Pam H. 156 (Plate XL VII, fig- ') 

Habit. — ^Plants tall, about 200 cm. high, with long internodes ; leaves distri- 
buted on the stem at regular intervals. 

Lmves. — Sessile, ainplexicaul, inserted at an angle of about 75^ with the 
stem ; auricles broad and decurrent ; lamina ovate ; margin entire or slightly wavy ; 
apex acute ; surface smooth ; texture soft ; midrib narrow at base, hairy, smooth ; 
hairs on midrib of one kind with terminal, unicellular, bluntly pear-shaped glands. 
Foliage colour light green. ■ ■ 

Jnfixmscences . — ^Terminal open cymes. 

Flowers. — Large, remaining open day and night. Pedicel persistent, about 
2*0 cm. long, light green in colour. Calyx loose, dilated, more or less globose, light 
green ; 5-fid, lobes triangular, unequal and pointed ; ridges not present on calyx 
tube. Corolla tube broad, abruptly dilating from about the middle ; colour white ; 
5-fid, lobes broadly triangular and faintly marked by a mid- vertical line ; orifice 
about 1* 3 cm. in diameter. Inside of corolla base densely hairy. Stamens five, 
epipetaloiis ; filaments long, fused at base only ; anthers large, oval, green. 

Ovary conical, green. Style about 4*0 cm. long, thick, usually reaching the 
level of antliers but remaining a little below the orifice in open flowers. Stigma 
large, bi-lobed. 

N. plumbaginifolia (Plate XLVII, fig. 3) 

This species is found as a common weed in several parts of India. There 
appears to be a considerable variation between the different forms. The form 
uschI in ibis investigalion is described below. 

HahiL — Plants sliort, about 60 em. high, with a compact basal rosette of leaves 
which lie very flat on the ground, throwing up a central floral axis. 

Sessile, noii-aiirieulate ; lamina lanceolate ; margin very wavy ; 
apex acute ; surface corrugated ; texture hard ; midrib broad at base, hairy, 
rougln Hairs of three kinds present, (a) hairs glandular at base, (6) hairs 
with terminak uaiceliular globose gland, (c) small non-glandular hairs. Foliage 
colour dark green. 

Inflorescence, — A central axis terminated by a very loose cymose inflores- 

. ' 001168 -. ■ 

Flmmrs.SmnU, persistent, opening only at night. Pedicel about 0*9 cm. 
long, piiri^le. Ciilyx closely enclosing base of corolla tube, dark green with deep 
purple pigment at base and at tips of lobes ; 5-sect, lobes narrow, more or less linear, 
equal; ten prominent ridges present.. 

Corolla long, narrow, dilating slightly near the mouth, deep brownish purple 
with yellow streaks which run down from between the petal lobes on the outside ; 
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5-iid, lobes well-marked, rotate, ovate, marked by a mid- vertical line ; apex acute ; 
lobe-colour light purple turning to purple in old flowers, colour uniform ; oriflce 
about O' 4 cm. in diameter. Inside of corolla tube base not hairy. Stamens five, 
inserted directly on throat of corolla tube ; filaments absent ; anthers small, oval- 

round, deep purple. 

Ovary conical, green; style about 2-7 cm. long, thin. Stigma sma.!! 
bilobed. ’ 

N. Tabacum x N. plumbaginifolia, Pj. {Plate XLVII,fig. 2) 

Habit.—Plaxits medium tall, about 80 cm. high, with a loose basal rosette of 
leaves, and a central floral axis. 



X.eai;as.-— Sessile, non-auriculate, slightly raised from ground ; lamina lanceo- 
late ; margin wavy ; apex acute ; surface smooth with slight wrinkling along midrib 
towards the base ; texture medium hard ; midrib narrow at base, hairy, smooth ; 
hairs with terminal uniceUular oval-round glands. FoHage colour green. 

Inflorescence. — A central axis terminated by open cymes. 

.Flowers.— Medium sized, persisting for three to four days after which they 
are shed ; they remain open day and night. Pedicel about 1-2 cm. long, cmeen 
w-ith purple pigment towards base. Calyx loose, dilated, green with purple 
pigment at base and at tips of lobes ; 5-fid, lobes triangular, unequal, with acute 
apex; ridges not present on calyx tube. Corolla tube medium broad, graduaUy 
ating from about the middle ; colour brownish purple on outside, 5-fid, lobes 
triangular faintly^ marked with mid-vertical hne ; often 1—3 accessory lobes 
are present ; occasionally more lobes are present. Colour of lobes light purple, often 
deeper at tips ; with age the colour becomes purple, and smaU white specks or 
s ri^s are often present ; occasionally stripes may be large, involving as much 
^ three-fourths of corolla tube ; very rarely entirely white flowers are produced 
Orifice about O' 8 cm. in diameter. Inside of corolla tube base densely hairy. 

> amens five, epipetalous ; filaments long, fused for the greater part of the corolla 
tube; (hstance over which fusion occurs is variable, and sometimes the whole 

nirit rr* sized, oval, 

shriveUed and non-functional. Ovary conical, green. 

Inhcd ^ 'll L medium thickness. Stigma medium-sized, bi- 

ofldth 7 resembles its Tabacum parent in respect 

cclv^^t nerveless 

onen dav^InH^ ^^7 ° anthers, and in the flowers remaining 

(Tosetfe nf 1 plumbaginifolia parent in respect of habit 

late leaves, coloured base and tips of calyx lobes and purple anthers. 



In regard to the following characters, the hybrid 
Height of plant, margin surface and texture of leav 
colour of pedicel, size of flowers, diameter of orifict 
ments, size of anthers and stigma. 


STERILE HYBRID BETWEEN mCOTlANA TABACVM AND iV. FLinmAGimFOLIA 


831 


The following characters are new, not being present in either of the parents : — 
Streaking and striping of flowers, presence of accessory corolla lobes, complete 
sterility. The style is longer than in either of the parents. 

Discussion 

Perhaps the most outstanding characteristic of the hybrid is its complete 
sterility which probably results from chromosomal unbalance as there is a wide 
difference in the chromosome number of the parents. N, Tabacum has n = 24 
chromosomes and N. plumbaginifolia has ^=10 [East, 1928]. Back- crossing to 
each of the parents was tried, and also crossing with N, mstica L. (n=24), N 
glutinosa L. (^=12) and N. alata Lk. and Otto (n=9), without success. Endea- 
vour was also made to obtain fertility by inducing doubling of chromosome number 
by exposure to ultra-violet rays* (for 2|-, 5, 10 and 15 minutes), exposure to con- 
tinuous light for ten days, etc. At the end of a year two of the plants died but 
the third was still growing vigorously and producing numerous flowers at the time 
of writing this note. Several branches have been successfully grafted on to 
Tabacum stocks and in this way it is hoped to continue the hybrid. Anther 
material of both parents and the hybrid has been preserved and it is hoped that a 
cytological investigation will be possible in the future. 

An interesting feature is the streaking and striping of the flowers, (Fig. 1), 
a character not present in either of the parents. Such streaking in species hybrids 
in Nicotiana has been noted by Kostoff [1935] in distant crosses involving the 
species Tabacum and Sanderae. He mentions that the streaking increased with 
the age of the plant, an observation which is in agreement with our experience. 



‘ ' Pig* 1* 

Fig. 1. Flowers of N, Tabacum {a), N * plumbaginifolia {»), and JV. Tabacum x N, 
plumbaginifolia F^ (6, c, d), (f nat. size). 

* This treatment was kindly carried out by Dr. B> B. Mundlcur in the Mycologieal 
Section. 
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The greatest interest of the present cross probably, lies, however, in its bearing 
on Goodspeed and Clausen’s reaction-system hypothesis. It has already been 
noted by a number of investigators [East, 1928 ; Christoff, 1928, etc,] that when 
hybrids are obtained by crossing species dififering widely in their chromosome 
numbers, they generally resemble.the parent having the larger chromosome number* 
The degree of dominance of the characters of the parent with the larger chromo- 
some number however apparently varies [East, 1928 ; Christoff, 1928 ; Malloch 
and Malloch, 1924 ; McCray, 1932; etc.]. Thus the hybrid between V. longifiora 
and N. Tahacum studied by Malloch and Malloch [1924] resembled more the 
Tahacum parent but showed a few longifiora characters. The present case is 
interesting in showing a condition in which the hybrid is intermediate between 
its parents. The Tahacum characters are apparently unable to dominate as in 
other crosses between N, Tahacum and species with low chromosome numbers. 

Inheritance of nicotine content 

Determinations of nicotine content were kindly carried out by the Imperial 
Agricultural Chemist to whom our thanks are due. The results were as follows. 

Nicotine content 
(percentage) 

JV. var. Pusa H. 156 . . . . . 1-07 

N. 'jplumhaginifolia * • . . . . . 0*09 

N, Tahacum X N, plumhaginifolia ’Fi , . . , 0*80 

The hybrid is more or less intermediate, though nearer the parent with the higher 
nicotine content. This result may be compared with that obtained by Hackbarth 
and Sengbusch [1935] who found that high nicotine behaved as a simple dominant 
character to absence of nicotine, the showing partial dominance of the former. 
Kostoff and Popofif [1931] however found that in vSpecies crosses the nicotine 
content of the Fi’s was lower than the average of the two parents, while the Pg 
results indicated the presence of multiple factors. 

Summary 

The vigorous but sterile hybrid obtained by crossing N. Tahacum var. Pusa 
H. 156 with N. plumhaginifolia is described. 

The percentage nicotine content of the hybrid was 0*80 as compared to 1*07 
of the Tahacum parent and 0*09 of the plumhaginifolia parent. 
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I. Introduction 

A disease of Zea Mays caused by CoUetotrichum sp. was noticed at Pusa 
during 1934, The disease makes its appearance first on the central midrib of the 
leaf in the form of small brownish spots on the upper side. These spots gradually 
elongate along the long axis of the midrib in both directions, often reaching from 
the leaf-sheath to the tip of the leaf. The central portions of the spots later on 
become straw coloured and bear the minute black fruiting pustules of the parasite— 
the acervuli. Plate XLVIII shows the symptoms of the disease. 

CoUetotrichum cereale Manns., C. lineola Cda. and G-. graminicolum (Ces.) 
Wils., all of which are now considered synonyms, have been reported parasitic on 
Zea Mays from North America [Seymour, 1929]. Recently a new disease of 
Zea Mays has also been reported from Russia and ascribed to (7. zeae nov. sp. 
[Lobik, 1933]. 
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II. Mobphology of the parasite on the host 

Mycelium —T \iq mycelium of the parasite consists of slender, branched, colour- 
less, septate haphae. These are both inter and intr a- cellular and ramify in the 
paienchymatous tissue ; sometimes they are also observed in the vascular bundles* 

Acervuli . — The acervuli (Plate XLIX, %. 1 ) develop late in the season. They 
appear below the cuticle in stromatic masses and soon rupture the cuticle. When 
mature they are circular or oval, varying greatly in diameter. 

Setae . — ^Setae appear in mature acervuli. They are mixed with the conidio- 
phores in the acervulus and are long, dark-brown to black, thick- walled processes 
or bristles, somewhat pale at the tip. They are unbranched, 2 to 5 -septate and 
measure from 4-6 p in width and up to 170fx in length. Usually the setae are 
broader at the base, often bulbous and gradually tapering towards the apex. 

Conidiophores.— Some pf the superficial cells of the stromatic mass which 
develops by the aggregation of fungal hyphae grow out and form the setae while the 
others remain short and colourless and form a crowded layer — the conidiophores — 
bearing the conidia at the tip. They are broader at the middle than at the ends 
and measure 2-7 x l-2p. 

Gonidia.—The conidia are hyaline, falcate, with a single or sometimes two oil 
globules and measure 18-31 X 4-5p (Plate XLIX, fig. 1). 

III. Parasitism 

(i) Inoculation on the host . — Single spore cultures of Colletotrichum sp. were 
obtained by the usual plating method and a series of inoculation experiments were 
carried out on maize plants both in the laboratory and in the field by placing spores 
and mycelium on unwounded host parts or by spraying with spore suspensions in 
sterile water. The inoculated plants were kept in moist chambers for twenty- 
four hours, later they were kept in the open but always kept moist by occasional 
spraying with water. -The results of the inoculation experiments are summarised 
in Table I. It will appear from the table that the fungus is a parasite, capable of 
attacking all parts of the host plant. 


Table I 

Summary of the inoculation experiments carried out with Colletotrichum sp. on 

Zea Mays 


Parts 

of the plant 
inoculated 

■ 

No. of 
plants 
inoculated 

No. of 
plants 
infected 

No. of 
controls 
kept 

No. of 

controls 

infected 

Remarks 

Leaves(both sides) 

97 

94 , 

20 

Nil 

! Plants kept 24 
hours in moist 

Midrib 

89 

87 

32 


Leaf -sheaths . 

75 

70 

25 

■ ,*>' ' 

■ : 

chambers after 

inoculation, later 
in the open. 
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PLATE XLIX 



Fra. 1. Acervulus showing conidiophores, conidia and setae (x420). 

Fias. 2-8. Germination of conidia and formation of appressoria (x4:20). 

Fias 9 & 10. Germination of conidia on the epidermis of the leaf and the mode of penetration (x420) 
Fras. 11-17. Appressoria formed in seven days old culture (x420). 

Fias. 18-22. Appressoria in 14 days old culture ( x420). 

Fias. 23 & 24. Appressoria in chains in old culture ( x 420) . 
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(ii) Mode of penetration, — Within twenty-four hours after inoculation a great 
maj ority of the fungus spores germinate (Plate XLIX, figs. 2-8) giving out one or 
two germ -tubes. These germ-tubes on coming in contact with the epidermis 
of the host form appressoria. These appressoria in turn germinate in the same 
manner as the conidia {Piate<XLIX, figs. 9 and 10)* The appressorium becomes 
thinner and colourless on one side and from this spot a germ-tube appears. 
The germ-tube penetrates directly through the cuticle into the epidermal cell, 
probably by mechanical pressure as reported by Dey [1919] for C. lindemiithianum 
(Sacc. & Mag.) Br. & Cav. Stomatal entrance or penetration through wounds has 
not been noticed, though it is not impossible. In no case has penetration been 
observed except from an appressorium. 

(Hi) Cross -inoculations. — Numerous cross-inoculations with the fungus on a 
number of other related plants were made with a view to determining the possible 
host range by placing spores and mycelium on unwounded parts. The details 
of the cross-inoculation experiments are given in a tabulated form in Table II. 
It will appear from the table that the fungus is capable of infecting a wide range of 
hosts under laboratory conditions. 

Table II 


Summary of cross-inoculation experiments on various hosts with Collet otrichum sp, 

from Zea Mays 


Host 

Number of 
inoculations 

Number of 
plants infected 

Percentage of 
infection 

Panieum. typhoideum 

35 

32 

91*4 

Sorghum vulgar e 

50 

48 

96-0 

Eleusine indica 

48 

42 

87-5 

Setaria italica 

30 

25 

83-3 

Emhlmna mexicana 

46 

40 

86*9 

Pamcum frumentaceum , . 

49 

48 

97-9 

Paspalum scrohiculatum . 

28 

24 

85*7 

H'Ordeum vulgare . 

37 

35 

94*5 

'Avena satwa .... 

58 

56 

96*5 

Triticwn.vtdgare , , 

46 

45 

97*8 


IV. Growth in oxjlttjre 


The fungus was grown on a large number of media. The best aerial growth 
with copious sporulation took place on maize-meal, oat-meal, Box’s and Hopkin’s 
agars. Brown’s synthetic agar gave a poor aerial growth and sporulation. Scanty 
aerial mycelium and poor sporulation were obtained on maize-leaf juice agar, 
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maize-stem juice agar, ^war-leaf juice agar and potato agar. Growth and sporuJa- 
tion were the poorest on nutrient agar. Sterilised maize stems formed a very 
suitable medium for copious spore formation. 

In young cultures the mycelial threads are hyaline, small, septate and much 

ranched. But gradually they darken, grow broader and become thick- walled. 
I^^^^ures three or four days old, conidia are produced at the ends of hyphae 

Ihe conidmm is at first continuous with the hypha from which it is developed • it 
grows in sme and is then cut off from the hypha by the formation of a septum’ at 
the constricted part. The hypha then elongates and a second spore is formed, 
nhil produced from a single hypha which in mass appear 

formation in culture also occurs in other species of 
CoUetotnchum [Edgerton, 1910 ; Barrus, 1921]. 

notalwaysformed in culture. Onmaize and oat-meal agars they 

havebeenobtainedthoughnotinlargenumbers. They are similar to those formed 

n the host m nature. The setae are dark brown to black, light coloured at the tip 

tawrk^ (sometimes bulbous) at the base and gradualfy 
apering towards the apex, measuring up to IVOfi in length and 4-6u in widtk 
He conidiophores are crowded, hyaline and measure 2-7 X l-2u,. The conidia 
are a cate, hyaline with one or two oil globules measuring 17-32 X 4-6 n in dia- 

i I i t? Uv/X 4 * 

n in great abundance in cultures (Plate XLIX, figs 

fnZ ' 7- the fungus sporulates poorly and does not 

^PPJ^essoria are dark brown in colour and the great . 
majori y of them are simple spherical or pyriform in shape and about 8-16u in 

sertV^ V They are usu^ly 

VI u 7“^°^ ’f contact with the hard surface of the glass-tubes. In crowded 

separated from the glass or any soHd substance in the medium. Very often the 
appressorium has a clear white spot near the centre, the so-called “germ-pore ” 

L ^ ger on, 1910], but m some it has been found wanting. At times a large number 

of appressoria are seen to develop in rows (Plate XLIX, figs. 23 and 24). 

V. Pactoes AnrBOTns-G spoetjlatioe ■ 

Light -.Gontmuous light or darkness has been found to inhibit sporulation* 

p ulateearher andmore copiously than those kept in continuous light or darkness. 

Whei? pVrf7~f humidity have been found to favour sporulation. 

When Petri ^shes were grown upside down over a water surface (100 per cent 
re ative humidity) there was more sporulation than in Petri dishes similariy held 
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Sometmes sporulation has been found to be copious in cultures saturated with 
water; When bits of agar containing mycelium of the fungus were placed in watch 
glasses and saturated with distilled water copious sporulation and numerous acer- 
vuli formation took place. 

MeMa .- — Other factors being the same sporulation varied on different media. 
In general sporulation was more liberal when the fungus was grown on meal agars 
than on synthetic media. The most copious spore production, however, took place 
when the fungus was grown on sterilised maize stems in tubes. 

Table III 

Sporulation of CoHetotrichum sp. on different media 
Sterilised maize sterns . 

Maize 'meal agar , 


Oat-meal agar 
Dox agar 
Hopkin’s agar 
Brown’s synthetic agar 
Potato agar 


Very good 

Good 

Good 

Moderate 

Moderate 

Poor 

Poor 


Sporulation is accelerated in a culture by local wounding. Petri 
dish cultures which were wounded here and there were found to sporulate fairly 
strongly along the lines' of wounding. 

VI. Spoke OEKivnNATiON 

The time required for the germination of spores varies with the culture media 
used, the age of the spores, temperature, hydrogen-ion concentration, humidity, 
presence or absence of plant tissue. 

Under the most favourable conditions spores may germinate within ten to 
tvrelve hours but they usually require somewhat longer, and some do not germinate 
for days, although to all appearances conditions are favourable. 

Germination usually takes place by the protrusion of one or more germ -tubes 
(seldom more than two) from any portion of the spore (Plate XLIX, figs. 2-S) 
They arise most commonly from the side and near the end. The size and leno^th 
of the germ-tubes differ on different media and under different environmental con- 
ditions. In nutrient media the germ -tubes commonly grow directly into profusely 
branching mycelium or form appressoria which in turn germinate and form a second 
appressoriiim or grows into a mycelial weft. In non-nutrient solutions appresso- 
ria are formed at the ends of the germ-tubes if conditions are favourable for their 
formation, otherwise the germ -tubes disintegrate without further development. 

A great many of the spores have been observed to become two-oelled before germi- 
nation. ‘ ■ ■ 

Sugars, SngSiV solutions have been found to exert I. favourable i^iflueiiee on ^ 
the germination of spores. Spores which germinated ’ very slowly in water, gave 
a higher percentage of germination when placed in sugar solutions ; thoir germ- 
tubes also attained greater length. 
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XAHLK IV 

Effect of sugar solutions on the germination of spores q/CoHetotrichum sp. on Zea Mays 
{based on the measurement of 100 soores\ “ ^ 


Media 

8 hours 

12 hours 

24 hours 

Percentage 

germina- 

tion 

Average 
length Of 
germ 
tubes fjt 

Percentage 

germina- 

tion 

Average 
length of 
genn 
tube.s pt 

Percentage 

germina- 

tion 

f Average* 
lengtli of 

gt'rin 

tubes |jt 

Distilled water 





5 

I 15 

Tap water 

2 

12 

5 

' 15 

19 

31 

Pive per cent glucose 
solution. 

8 

24 

25 

36 

78 

97 

Five per cent saccha- 
rose solution. 

8 

24 

24 

87 

77 

92 


48 hours 


gemiiiia- 

tiori 


18 

42 

96 

94 


Avcra^re 
h^iigth of 
g(‘rm 
tiibos 

49 


125 

120 


: rma^ive numicuties on the percenta^^e of 

.pore |.rm.nat.o„ md the length of the gem.tnte detemined by the 

method by Gelloway pP35]. Helf Inch of thi„“hj XoS 

( ceUophane ) which were soaked in one per cent glucose solution, and blotting 
off the excess of the solution, dried in air were used. Spores of the fungus werf 
placed on these ceUophane ” pieces in the form of thin streaks by foldilf them 
m half and light y touching with the folded edge, the sporing surface of sterilted 
maize stems These sc,uares were then suspended by loops of threads in stoptrl^ 

tions^ dff^ / containing 30 e.c. of sodium chloridrsolu^ 

tmns of different concentrations. These bottles were then kept in an incubator at 
-D C. For each relative humidity test .a large number of '' celloolnuf- ’’ tw. ' 

were used No “ cellophane ” piece was replaced in the bottle after exarainatira 
The results obtained are recorded in Table V. 

•’ Table V 

(Data based on the measurement of WO conidia) 


Eelativc humidity 


100*0 percent 
96*9 „ „ 

95*0 

93*9-87*5 „ „ 


16 hours 


Percentage 

germination 


56 

16 


Average 
length of 
germ tubes 


74 

25 


40 hours 


72 hours 


Percentage 

gerihination 


96 

25 

4 


Average 
length of 
germ tubes 


Percentage 
; gf'nnination 


82 

44 

20 


Average 
length of 
germ tubes 
P 


45 

12 


75 
48 . 
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Iioweyer, from results recorded in Table V that the best germinatloii of the coni- 
dia takes place at 100 per cent relative humidity. At lower humidities there is 
a gradual fall in the rate of germination aM no germination takes place below 
ninety-five per cent relative humidity. 

Temperature , — To determine the effect of temperature on the germination of 
conidia, loops of spore suspension in sterile water were placed on clean cover slips 
which were then inverted over glass rings cemented to slides. A small cjuantity 
of sterile water was placed at the bottom of each cell. These hanging drops— four 
of each — ^were then placed in incubators running at different temperatures. The 
percentage of germination and the average length of germ-tubes were calculated 
from a count of 100 conidia at random in each cell. ‘ The results obtained are 
recorded in Table VI, 

Table VI 


Ejfect of temperature on the germination of conidia of Colletotrichum sp, on Zea Mays 



16 hours 

48 hour i 


Temperatures 

Percentage 

germina- 

tion 

Average 
length of 
germ-tubes 

Percentage 

germina- 

tion 

Average 
length of 
germ^tubes 

Remarks 

2D°C, . 

24 j 

18 

38 

35 

Germ’ tubes normal 

25®C, ... 

36 

32 

• 66 

* 66 


30®C. . 

62 

46 

88 

• 75. 

Gemi-tubes abnor* 
mal. '* 

a2*5°C. . . 

63 

52 

92 

79' 

» h 9» 


' ■ i 


' . •• 




It will be noticed from the table that the optimum temperature for the germi- 
nation of conidia lies between 25®C. and 30°C. 


Plant tissue , — ^Several investigators have found that the presence of host 
.tissue accelerates the germination of spores of various pathogens. Anderson [1914] 
;showed itforpycnospores of (Mur.) Anders. ; Whitehead [1920] 

for spores ot Urocystis cepulae Frost. ; Brown [1922] for conidia oiBotrytis cinerm 
Pers. Leach [1923] for Bpoven of Colletotrichum lindemutUamm (Saco, and Mag.) 
Br.'and Cav. ; Noble [1924] for spores of Urooystis tritici Koern ; Christensen 
[1926] for spores of Helminthosporium sativum P. K. and B. ; and Mitra and Mehta 
[1934] for spores of.H, nodulosum ‘B, et G', Besides, the experiments of Christensen 
[1922], Leach [1923], Noble [1924] and Mitra and Mehta [1934] show that tissues 
of plants other than the host also stimulate the germination of spores. 

The effect of plant tissues on the germination of conidia of the fungus were 
i^tu died by placing comdia in watch glasses containing from 0*5 c.c. to one c.c. of 
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distilled water. To these watch glasses from ten to twenty small pieces of plant 
tissues were added. These plant tissues were first carefully washed with 1 : 1000 
solution of mercuric chloride and then the last traces of mercuric chloride removed 
by several washings with sterile distilled water. The controls contained distilled 
water only. All tests were made in duplicate and at room temperature (about 
30°0.) The percentage of germination and the average length of germ-tubes were 
calculated from a count of 100 spores at random in each dish. The results obtained 
are recorded in Table VII. 

Table VII 


Ejfect offlant tissue on the germination ofconidia o/Colletotrichum sp. on Zea Mays 


£0 hours 


Plant tissue 


Percentage Average length 

germination of germ-tubes{pL) 


Control . 

Zea Mays (boiled) . 
Saccharum officinarum 
Brassica campestris • 
Glycine hispida 
EUusine indica 
Triticum vulgare 
Sorghum vulgare 
Panicum frumentaceum 
Zea Mays 


12 

12 

21 

28 

35 

42 

68 

70 

70 

72 


60 

60 

87 

109 

129 

131 

168 

168 

167 

172 


It wiU be observed from Table VH that the best germination took place in the 
watch glasses containing the host tissues. Presence of un-related plant tissues also 
enhanced the germination of spores. In the presence of Sorghum vulgare, Triticum 
vulgare and Panicum frumentamim tissues the condia germinated almost as well 
as in the presence of Zea tissue. 


In the control it was noticed that there was a higher percentage of germination 
of conidia floating on the surface than those submerged in water. On the contrary 
Httle or no diflerenw could be observed in the percentage of germination of floating 

containing plant tissues. Christensen 
[1926] and Mitra and Mehta [1934] have also made similar observations for conidia 
oiHdminthoaponumsatimm P.K.and B. and B. et C respectively 

Brown [1922] found that certain plants produce volatile substances which eith^ 
stimulate or inhibit spore germination. Christensen [1922] working on Helmin- 
t^sportum sMm concludes » apparently the stimulatory agent is not specific » 
It was found, however, that boiled leaves of maize were incapable of stimulating 
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germination ; this shows that the stimulatory principle is destroyed by heat. 
Germ-tubes were found always directed towards plant tissues showing that ’'the 
plant tissues exerted some chemotrophic influence ’’ [Mitra and Mehta, 1934]. 

VII. Comparison op Golletotriceum sp. on Zb a Ma^s with G. graminicolem 
(Ces.) wiles, on Sorgevm velqare 

(i*) Inoculation experiments . — ^With a view to determine whether Golletotrichum 
bom Zea Mat/s can infect Sorghum vulgare and vice versa, a large number of cross- 
inoculation experiments were carried out. The results of the inoculation experi- 
ments are tabulated in Table VIII. 

Table VIII 


® Summary of inoculation experiments carried out with Golletotrichum sp. from Zea 
Mays and C. graminicolum on Sorghum vulgare and Zea Mays respectively 


Fungus 

Plants 

inoculated 

\ ISTumber 
of inocula- 
tions 

Number 

of 

infection 

Percentage 

of 

infection 

Remarks 

Golletotrichum sp. 

1 Sorghum 

36 

36 

100 

Controls were kept 

from Zea Mays 

vulgare 




and were intact. 

0. graminicolum. 

Zea Mays 

32 

32 

100 



It will be noted from the above table that the fungus isolated from Zea Mays 
is capable of infecting Sorghum vulgare and that 0. graminicolum isolated from Sor- 
ghum vulgare is capable of infecting Zea Mays. In both the cases all the plants 
inoculated took infection while the controls remained intact. 


(it) Morphological characters . — In shape and size the conidia of Golletotrichum 
sp. occurring naturally on Zea Mays agree very closely with those of C, gramini- 
colum on Sorghum vulgare. A measurement of two hundred conidia, each from 
Zea Mays and Sorghum vulgare showed that the range of conidia measurements was 
18-31 X4-5[jifor Oolletotrichumsp.onZea If and 19-30 X 4-5^ for G. grami- 
nicolum on Sorghum vulgare. The means for lengths and breadths with their stand- 
ard errors were 24*90 ±0*2261 X 4*502 ± 0*0352 for Golletotrichum sp. on Zea 
Mays md 24 *70^0*2050 X 4*65±0*0351 for G. graminicolum on Sorghum 
vulgare. it is clear, therefore, that there exists no significant difference between the 
two fungi from the morphological point of view. 

(w) Cultural characters. — Golletotrichum sp. from Zea Mays and G. gramini- 
colum from Sorghum vulgare were grown on maize-meal agar, oat-meal agar, Box’s 
agar, Brown’s synthetic medium, Hopkin’s medium and Coon’s agar under identical 
conditions for comparison. 

Golletotrichum sp. from Zea Mays rese mbles G. graminicolum in the following 
{a) Production of white cottony or fluffy type of mycelial growth and in the 
formation of acervuli and appressoria in culture. 

42 a 
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(h) Similar growth rate at different temperatures and on a variety of media. 
Fig. 1 which gives the growth rate after seven days on Hop- 
kin’s . Brown’s and Box’s media show how closely they resemble. 



Fig 1. Comparative growth rate of Colletotrichum sp. from Zea Mays 
and Sorghum vulgare on various media. 

Colletotrichum sp. on Zea Mays agrees closely with C. graminicolum as regards 
the dimension of spores on different media. Under the same cultural conditions 
the range of spore length was very close. Two hundred spores were measured at 
random from oat-meal cultures fifteen days old and grown under the same environ- 
mental conditions, The range of spore length and width for OoUetotricJium from 
Zea Mays was 17-32 X 4-6p, and for Sorghum vulgar Colletotrichum 19-31 X i-Sp. . 

VIII. CONCXITSION AND STJMMAEY 

A disease of Zea Mays caused by a species of Colletotrichum was observed at 
Pusa. The fungus was isolated and its morphology, parasitism, cultural characters 
together with the effect of environmental factors on sporulation and on the germi- 
nation of spores were studied. 

Inoculation experiments carried out have shown that the organism can attack 
all the parts of the plant — leaves, midribs and leaf-sheaths. Cross- inoculation 
experiments carried out on a large number of allied plants showed that the parasite 
has a wide range of hosts under laboratory conditions. 

Studies of the parasite in culture reveal that it grows better on natural than 
on synthetic media, Sporulation is favoured by high humidity and by alternate 
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light and darkness. Acervuli with setae are not frequently formed in culture. 
When the fungus sporulates poorly, appressoria are formed in great abundance 
either in contact with the hard surface of the glass container or in the substance 
of the medium. 

It was noticed that high humidit}^ the presence of sugar, or the presence of 
living plant tissues accelerate the germination of spores. The optimum tempera- 
ture for the germination of spores was found to be between 25°C and 30°C. 

The fungus was compared with C. graminicolum isolated from Sorgfmm 
vulgare. The Zea Mays fimgus can infect Sorghum vulgare and mce versa. The 
cultural characters and spore measurements show that both are very closely allied 
and thus the conclusion is drawn that the ColletotricJmm sp. from Zea Mays is 
identical with C. graminicolum (Ces.) Wils. 
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REDUCTION OF NITRATES BY THE SUN 

BY 

FAZAL-UD-DIN, B.So., 

Bdct&n'iological Assistant, MeseafcJi Institute, Lyallpuf 
(Received for publication on 8th January 1936) 

Berthelot and Gaudechon [1911] found that ultra-violet light induced the 
reduction of potassium nitrate in solution. The reduction was more in alkaline 
than in neutral or acidic solutions. Further in very weak solutions the reduction 
was practically complete. 

Corbet [1934] using sunlight instead of ultra-violet light found that sunlight 
had a similar action though in a lesser degree. 

The percentage of ultra-violet radiations in a beam of sunlight is small, yet 
it is an important source of ultra-violet light especially in tropical countries where 
the intensity of the sun is great. Therefore preliminary studies on the reduction 
of nitrates and the conditions affecting it were undertaken. 

Experimental— 'Ei£ij c.c. of potassium nitrate solution (one mg. nitrogen per 
c.c.) was taken in each of the twelve Pyrex conical flasks of 300 c.c. capacity. Six 
of these were wrapped in black paper. These along with the rest were exposed to 
the sun. Estimations of nitrous nitrogen were made by the usual Griess Illosvay 
calorimetric method. The reduction is shown in Table I. 


Table I 

Showing the reduction of potassium nitrate 


Time 

(days) 

Mg. nitrous nitrogen per 100 c.c. 

Unexposed 

Exposed 

1 

mi 

0-039 



0*036 

2 


0*068 


99 

0*064 

3 

99 

0*091 


1 

0*091 


For comparison the solution of the same strength was exposed to ultra-violet 
light from mercury arc lamp consuming about 1 ‘ 6 amp. The solution was put in 
open Petri, dishes and was placed directly one foot below the burner. There was 
considerable rise of temperature during the exposure. Representative samples 
for analysis were withdrawn after ten, twenty, thirty and forty minutes, 
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Table II 


Showing the effect of ultra-violet radiations on the reduction of potassium nitrate 


Ko. 

Exposure 

(minutes) 

Mg. nitrous nitrogen 
per 100 c.c. 

Mean 

1 

10 

0- 

110 

0vll2 



: , , 0- 

123 




0* 

■104 


2 

20 

0- 

'220 

0-227 



0- 

233 




0- 

229 


3 

30 

0- 

■311 

0-337 



0- 

•362 




0’ 

• 337 


4 

40 

0 

•427 

0-461 



0 

•618 




0 

•440 



The results given in Table II showed that ultra-violet light was a powerful 
reducing agent as compared to the sunlight. 


Since ultra-violet light is absorbed by glass, the reduction of the substrate 
contained in Pyrex glass flasks and open Petri dishes of the same diameter was 
studied. Fifty c.c. of potassium nitrate solution containing one mg. nitrogen 
per c.c. was put in each of the containers and exposed to the sun. Loss of moisture 
was made up every half an hour. The contents were analysed after eight hours 

Table III 


Showing the reduction of potassium nitrate in flashs and Petri dishes 


Container 



Mg. nitrous nitrogen 
per e.c. 

Average 

Flasks 



0-039 

0-042 , 

0-039 

0-032 

0-038 

Petri dishes • . , 



■ 0-046 

0-064 

0-046 

0-064 

0-068 


The results (Table III) showed that the efficiency of the solar radiations was 
reduced by about 30 per cent by passage through Pyrex glass. 
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The nitrates of calcium, sodium, potassium, ammonium, magnesium al u- 
minium, manganese and iron were similarly reduced when exposed to the sun. 
The reduction of potassium nitrate was further studied with regard to the 
following : — 

1. Concentration. 

2. Temperature. 

3. Season, 

4. Influence of other substances. 

i. Effect of concentration 

Potassium nitrate solution (in 50 c.c. lots) of different concentrations was 
exposed to the sun in 300 c.c. conical flasks for forty-eight hours. 

Table IV 


Serial No. 

Mgs. nitrogen per 

Mg. nitrous nitrogen 


100 c.c. 



1 

1-0 

0 

007 

2 

2*0 

0 

013 

3 

5-0 

0 

024 

4 

10-0 

0- 

032 

5 

20*0 

0 

048 

6 

50-0 

0- 

088 

7 

100-0 

0- 

169 


Percentage reduced 


^ ulictu uiic pci oi TeaucDion aecreases witn 

mcreasmg concentration. 

2, Influence of temperature 

Three different temperatures, viz., 10°, 25° and 45°C. were tried. Hundred c.c. 
of potassium nitrate solution (one mg. nitrogen per c.c.) was taken in each 
of the six 300 c.c. conical flasks. These were placed in duplicates in three white 
enamelled trays containing water at different temperatures and exposed to the 
sun. Five-c.c. samples were withdrawn at ten minutes interval and treated with 
O’ 5 c.c. of the reagent, put in ^-in. cell and compared with standard sMes. 

Table V 

Showing the effect of temperature on the reduction of potasamm nitrate 


Exposure 

(minutes) 


10°C.±1*5 



25°G-h0'5 


45°C.±l-5 


BElDUCTlO^r OF nitbatfs by the SUJ^f 


847 

The result given in Table V showed that the reduction of potassium nitrate 
increased with increasing temperature. 

3. Effect of season 

The reduction of potassium nitrate solution (one mg. nitrogen per c.c.) 
in fifty c.c. portions was studied during diflferent months. 


Table VI 


Period of 
exposure 
(days? 

Mg. 

nitrous nitrogen per 100 c.c. ^ 

January 

May 

September 

1 

0*016 

0*045 

0-039 


0*015 

0*045 

0*036 

2 

0*024 

0-089 

0*068 


0*023 

0-066 

0*064 

3 

0*032 


0*091 


0*029 


0-091 


The results (Table VI) showed that the reduction during summer was about 
thrice as much as in winter. 


4 (a) Reduction of potassium nitrate in the presence of reduced nickel 
Fifty c.c. of potassium nitrate solution (one mg. nitrogen per c.c.) was taken 
in six 300 c.c. conical flasks. Reduced nickel (0*5 grm.) was added to four of them. 
All the flasks were placed in the sun ; two of them with nickel being wrapped in 
black paper. 

Table VII 


Treatment 

Condition 

Mg, nitrous nitrogen per 100 c.c. 
solution after 

Percentage 



1 day 

2 days 

8 days 

reduced 

With nickel 

Unexposed 

NU 

mi 

Nil 


99 

Without nickel . 

Exposed • 

99 

0*036 

99 

0*068 

99 

0*356 

0-332 


99 

0-032 

0*062 

0*308 


With nickel , 

9' 

0-071 

0*156 

0 972 

0-988 


' 99 . 

0-068 

0*169 

1*004 



4S 
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The results in Table V showed that the reduction was more in the presence of 
reduced mekel, than without it. 

4 (6) Re,duction of !potassium nitrate in the presence of carbohydrates 

_ Fifty c.c. of potassium nitrate solution (one mg. nitrogen per c.c.) was taken 
m each of twenty-four conical flasks of 300 c.c. capacity. These were divided 
into SIX sets and each set was treated as shown below : 

1. No treatment. 

2. 0*5 grm. sucrose per flask. 

3. 0*5 grm. fructose per flask, 

4. 0*5 grm. dextrose per flask, 

5. 0*5 grm. maltose per flask. 

6. 0*5 grm. potato starch per flask. 

The flasks were plugged with cotton wool. Two flasks in each set were 
wrapped m black paper, and these along with the rest were kept in the sun. The 
contents of the flasks were analysed after an exposure of seven hours. 

Table VIII 


Serial No. 

Carbohydrates 

Mg, nitrous nitrogen 
per 100 c.c. 

1 

Control . 

. • . ■ • . . ■■ ; 

• 

• 

0-032 

0-030 

2 

Sucrose . 

. . 

• 

• 

0-076 

0-076 

3 

Fructose 




0-075 



■ 

• 


0-071 

4 

Dextrose 

• * . , 


• 

0-078 

0-084 

5 

Maltose , 



•• 

0-068 

0-068 

6 

■mi ■ ■■■ ■ 

Starch . 

.... ^ • • » . , , , 

^ . m 

' 

0-052 

0-052 


unar me reduction was more in the presence 

M th? osL T « t f practicaUy the same 

m tihe case of other carbohydrates. Nitrous nitrogen in the flasks tapped in 
black paper was only in traces. m 
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, The reaction is obviously a photo-chemical one, as the reduction in the dark 
was negligible. It is possible that the action of these substances may be a catalytic 
one. 

4 (c) Influence of zinc oxide 

Since zinc oxide is a powerful oxidising catalyst, it was interesting to see 
its effect on the reduction of potassium nitrate. It was found out that the reduc- 
tion was completely stopped in its presence. 

4 (d) Reduction of nitrates in the presence of soil 

Soil has been found to act as a photo-catalyst for the oxidation of nitrogenous 
compounds [Sarkaria and Fazal-ud-Bin, 1933]. The reduction of nitrates in 
its presence was also studied. 

Fifty c.c. of potassium nitrate solution (one mg. nitrogen per c.c.) was put 
in each of the eight conical flasks of 300 c.c. capacity. Five grms. of soil were put in 
each flask. These were plugged with cotton wool and sterilized. Paper was tied 
over the plugs to protect them from dust. Four flasks were covered with black 
paper. These along with the rest were kept in the sun. A similar series with an- 
other soil was set up side by side. The contents of the flasks were analysed after 
twenty -five days. 

Table IX 


Showing the reduction of nitrate solution in presence of soil 






Mg. nitrous nitrogen per j 

f 





100 c.c. 



Soil taken 



1 


Percentage 







reduced 





Exposed 

IJnexposed 


Loam 




0-745 

0*005 

0*68 





0-606 

0*006 






1 0-713 

0-007 






0-680 

0*006 


Clay loaip 

. 


. 

0-606 

0*011 





0*745 

0*012 

0-69 





0*713 

0*012 






0*745 

0-013 



The results given in Table IX showed that nitrates were reduced in the presenee 
of soil. 

In order to find out the influence of soil on nitrate reduction, the experiment 
described above was re-started with varying amounts of soil (five and twenty 
grams) and four control flasks without soil. The contents of the flasks were 
analysed after twenty-five days. 

• -• 4*3 A 
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Table X 

Showing the effect of soil on the reduction of potassium nitrate in solution 


(Mg. nitrous nitrogen per 100 c.o.) 


Serial 

Xo, 

Without 

soil 

Loam 

1 Clay loam 

5*0 grms. 

20 * 0 grms. 

5 * 0 grms. 

20 • 0 grms* 

1 

0*713 

0*743 

0*741 

0-603 

0-639 

2 

0*713 

0*604 

0*708 

0*742 

0*769 

3 

0*713 

0-711 

0-741 

0*710 

0-697 

■ 4 

0*648 

( 

0-678 

0-601 

0*742 

0-769 

Average 

0-697 

0*684 

0*698 

0*699 

0*693 


The results (Table X) showed that the soils had no influence on reduction. 
It seems that the catalytic action of the soil is very feeble. Although, it is an 
oxidising catalyst, reduction took place in its presence without being influenced 
in any way by it, while in the presence of zinc oxide, potassium nitrate could not 
be reduced by the sun. It is obvious that the rate of photo-chemical reduction 
in the presence of soil is considerably greater than the rate of oxidation of nitrite 
to nitrate. 


Reduction OP NITRATES SOIL 

Two soils were moistened with potassium nitrate solution just below the sticky 
point. The nitrate solution in each case was of such a strength as to supply 100 
mgs. of nitrogen per 100 grms. of sod. Fifty grams soil (on dry basis) was put in 
each of the eight 300 c.c. conical flasks. These were plugged with cotton wool and 
sterilized. Paper was tied over plugs to protect them from dust. Four flasks of 
each soil were wrapped in black paper and these along with the rest were exposed 
to the sun. Loss of moisture was not made up. The soils looked quite dry 
after a week. JTitrous nitrogen was estimated after twenty-five days. 
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Table XI 


Showing the, reduction of nitrates in soil 



Mg. nitrous nitrogen per 



100 c.c. 


Soil taken 



Percentage 




reduced 


Exposed 

Unexposed 


Loam 

0*047 

0-021 

0*026 


0*054 

0*027 



0*039 

0-019 



0*060 

0-019 



Clay Loam 

0*047 

0-023 

0*024 


0*054 

0-023 



0*039 

0-021 

i ■ 


0*050 

0-027 



The results given in Table XI showed that nitrates were appreciably reduced 
in soil. 


Nitrite formation in the exposed flasks may either be attributed to the oxida- 
tion of nitrogenous compounds of the soil or to the reduction of nitrates. But on 
exposing soils without potassium nitrate under identical conditions, no nitrite was 
obtained, therefore the excess of nitrite in the exposed flasks was due to the reducing 
action of the sun. 

The results'of reduction in soils, when treated statistically, gave the value of 
8, 8,E, and to be 0*00479, 0*00239 and 10*8 for loam soil and 0* 00558, 0*00279 
and 8*5 for clay loam soil. The expected value of ^ ^ ’ at one per cent from 
Fisher’s table is only 5*487. Hence the results are significant. 

The experiment was repeated with a smaller dose of potassium nitrate (ten 
mgs. nitrogen per 100 grms. of soil) and the results confirmed. 

The above experiments seem to indicate that photo-reduction of nitrates 
in well- drained soils is of no importance. In case of water- logging the nitrates 
may partly be reduced photo-chemically. 

Effect of moisture 

Ordinary field soil was supplied with 100 mgs. of nitrogen as potassium 
nitrate per 100 grms. of air-dry soil. It was distributed in fifty -gram portions in 
twelve 300 c.c, conical flasks. 

The soil in four flasks was kept in air-dry state. Out of the rest eight flasks, 
four were kept at thirteen per cent and four at thirty -nine per cent moisture. 
The flasks were closed with rubber bungs and sterilized. Analysis was done 
after eight days’ exposure. 
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Table XII 

Showing nitrate reduction in soil under different moisture conditions 


Mg. nitrous nitrogen per 100 


Serial Xo. 


grms. soil 



Air- dry 

13 per cent moisture 

39 per cent moisture 

1 

0*044 

0-073 

0-C73 

2 

0*044 

0-074 

0*083 

3 

0*044 

0-068 

0*068 

4 

0*044 

0-073 

0*074 

Average . 

0*044 

0-072 

0-074 


Initial nitrons nitrogen 0*039 mg. 


The results given in Table XII showed that in dry soil the reduction was 
negligible. At thirteen per cent to thirty-nine per cent moisture it -was appreci- 
able and was un-influenced by moisture contents. 


In order to see whether the effect of moisture was significant or not, the value 
of ‘ r was calculated. The results are highly significant as the calculated value 
of ‘ r is 21- 7, while the value of ‘ T at one per cent from Fisher’s tables is only 
6-487. 

Effect of fakmyaed MANtrEs 

Two per cent fermented cow dung was added to a portion of the soil and was 
thoroughly mixed. Five-gram portions of the manure and unmanured soil were 
added separately in flasks, containing fifty c.c. of potassium nitrate solution (one 
mg. nitrogen per c.c.) and sterilized. Four flasks, two of each lot were wrapped 
in black paper and these along with the rest were exposed to the sun and were 
analysed after twenty-two days’ exposure. 

Table XIII 


Showing the effect of farmyard manure on the reduction of nitrates in solution 


Soil treatment 

Mg. nitre 
1 

Exposed 

US nitrogen per 

00 c. c* 

Unexposed 

Difference 

Manured ..... 

. 0-713 

0-018 

0-678 


0-680 

0-018 


Unmanured ..... 

0-683 1 

0.008 

0-575 

; 

0-583 1 

0.008 
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The results given in Table XIII showed that farmyard manure slightly 
increased reduction in nitrate solution. 

The control soil flasks with fifty c.c. of distilled water were also exposed side 
by side with the other flasks to see if there was any nitrite production due to 
the oxidation of the organic matter, which was found to be nil. 

The reduction was also tried in manured and unmanured soil, and was found 
to be practically the same in both. 

Eeeect oe soil packing 

A soil with thirteen per cent moisture and 100 mg. nitrogen as potassium 
nitrate per 100 grms. of air-dry soil was distributed in eight conical flasks in 
fifty-gram portions on air-dry basis. The soil in four flasks was well pressed 
with a glass rod with a flattened end, while in the other flasks it was simply tapped 
to level the surface. The flasks were closed with rubber bungs and exposed to 
the sun after sterilization. The analysis was done after eight days. 

Table XIV 


Showing the effect of packing on the reduction in soil 


Serial ISTo. 

Mg. nitrous nitrogen per 100 grms. soil 

Mean diference 

Loose 

Packed 

1 

0-087 

0-068 

0*017 

2 

0-087 

0*068 


3 

0-078 

0-068 


4 

0-078 

0-058 



The results given in Table XIV showed that the reduction was slightly more 
in loose packed than in hard-packed soil. 

The penetration of light and surface area were less in compact soil than in 
the loose packed soil, hence the reduction was less in compact than in loose soil. 
The calculated value of ’ in this case is 4-89 while the expected value oi‘t’ 
at two per cent from Fisher’s table is 4-64. Hence the results are significant. 

Conclusions 

1. Nitrates of sodium, potassium, calcium, magnesium, manganese, ammo- 
nium, aluminium and iron were all reduced by the sun. 

2. The lower the concentration, the higher was the percentage of reduction. 

3. The nitrate reduction increased with the rise in temperature. 

4. Reduced nickel, sucrose, fructose, dextrose, maltose and starch helped 
nitrate reduction. 
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5. The reduction of potassium nitrate in solution was not influenced in any 
way by the presence of soil. 

6. The reduction was uniform within a wide range of moisture^ 

7. The reduction of nitrates in manured and unmanured soil was found to be 
practically the same. 

8. The reduction was slightly more in a loose packed soil than in hard packed 

soil. 

9. Photo-reduction of nitrates does not seem to be of any importance in soils* 
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INHERITANCE OE SOME MORPHOLOGICAL CHARAC- 
TERS IN ORE PIS D10SC0RIDI8* 

BY 

SWARN SINGH PUREWAL, M.Sc. (Calif.), Ph:.D. (Coenell), 
Imperial Institute of Agricultural Research, Pusa 
(Received for publication on 17th January 1936) 

IlTTEODUCTIOISr 

Sin.ce 1920 when Babcock pointed out the advantages of the genus Grepis, 
comprising about 200 species, for genetic investigations, considerable work has 
been done by members of the Division of Genetics of the University of California. 
Perhaps the most outstanding work on the inheritance of morphological characters 
in Crepis has been done by Ran [1923] and Collins [1924], Ran [1923] reported in* 
vestigations on the inheritance of three quantitative characters in Crepis capil- 
laris (L.) Walb., viz., length of leaves, number of lobes per leaf, and diameter of 
flower heads. He found that the length of leaf and the number of lobes per leaf, 
are heritable characters, but whereas environment greatly influences the expression 
of the former, it has little influence on the latter. At least four pairs of genes seem 
to be involved in conditioning the number of lobes per leaf. He selected two races 
of Crepis capillaris with different diameters of capitula and on crossing found that 
the diameter of the capitula of Fj was intermediate between those of the two 
parents; no P 2 d^ta were reported. He found moisture to be the limiting factor 
in determining the flower size. 

Collins [1924] reported on the inheritance in G. capillaris of nineteen mor- 
phological and three physiological characters. The same author working with 
Crepis dioscoridis in 1926 found a plant which was wholly devoid of anthocyanin, 
and when crossed with the common pigmented type, the was fully pigmented. 
The Ea cultures, segregated as follows : 103 purple to 38 green plants, clearly a 
simple 3 : 1 ratio. He concluded that one main gene conditions the production 
of any pigment in C. dioscoridis. Haney [1930] noted that yellowish green 
foliage colour in C. dioscoridis behaved as a simple recessive to normal green but no 
data was presented. 

The present investigation deals with the inheritance of the following pairs of 
characters : presence or absence of anthocyanin, green or yellow foliage colour and 
normal or bushy habit of growth. The work was carried on partly in the green- 
house and partly in the field and the data combined. 

*The investigation herein reported is a part of the thesis presented in partial 
fulfilment of the requirements for the degree of Master of Science in Genetics in the 
Graduate Division of the University of California. 
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Matebial and methods 

Seeds were germinated in sterile sand in two-inch earthen pots. The seeds 
were lightly covered and the pots placed in a shallow pan nearly full of water. 
Thus the sand absorbed enough water for germination of seeds. The majority of 
the seedlings emerged after four days and were planted singly in four-inch pots. 
Notes regarding the colour of the plants, whether green or yellow, were taken at 
the time of transplanting. The plants homozygous for the ‘ ‘ yellow ’ ’ gene may be 
recognized shortly after the seedlings appear, usually one day after, but notes were 
not taken until transplanting time so that the full quantity of chlorophyll peculiar 
to the respective individuals might develop . 

4 Then, after about a month the plants were transplanted into six-inch pots. 
After another month the plants were set in the field where they could have the full 
sun. Normal O. dioscoridis is quite heavily pigmented with anthocyanin but in 
some cases the pigmentation is quite dilute and un-uniformly distributed. So, in 
determining the pigmented and non-pigmented t 3 q)es, plants should be grown in 
full light. Under such conditions pigment will be developed uniformly 
in the basal portion of flower stalks, except in those plants homozygous f or the re- 
cessive condition. The two types can usually be distinguished in the early seedling 
stage if the seedlings are exposed to light and moderately low temperature. In 
such cases, the hypocotyl becomes pink in plants capable of producing anthocyanin 
and remains white or green in those lacking this ability. However, to avoid 
possible mistakes in classification of the two types, notes were completed when the 
plants had been about a month in the field. 

Plants from culture 29 * 108 were intended for the determination of habit of 
-growth whether normal or bushy and were, therefore, not set out in the field, 
because condition of the soil in the field may be very heterogeneous and unifor- 
mity in the environmental conditions is most desirable for the accurate determi- 
nation of this character. So the plants were left in the greenhouse in the six -inch 
pots with an equal amount of potting soil in each pot. 

In presenting data from hybrid populations, the degree of correspondence of 
observed with calculated distributions has been determined by the use of tables 
of probable error of Mendelian ratios prepared by the Department of Plant Breed- 
ing of Cornell University . In testing goodness of fit of dihybrid ratios, the method 
suggested by Harris [1912] has been used. 

Brief description of cultures used 

Fi Culture— 28*25= (26*1631-38 x 26*1740-69). 

26 * 1631-38 Tall, anthocyanin absent, hairy, marginal achenes white, herbage green. 

26*1740-69 Tall, anthocyanin present, glabrous, marginal achenes white, 
herbage yellow. 

Six plants were isolated in this culture and all were tall, with anthocyanin 
present, and herbage normal green. 
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Plant 1 — ^glabrous, marginal achenes dark or slightly whitened on ventral side. 

Plant 2— hairy , marginal achenes white. 

Plant 3 — glabrous, marginal achenes white. 

Plant 4 — ^glabrous, marginal achenes dark or slightly whitened on ventral side. 

Plants — hairy, marginal achenes white (occasionally one dark) . 

Plant 6 — glabrous, marginal achenes dark or slightly whitened on ventral side. 

These plants were grown together so that they may have inter-crossed 
among themselves. 

Pj Culture— 29v 108= (26 *1455-3 X 26-1742-5) 

26*1455-3 Tall, anthocyanin present, hairy, marginal achenes white, 
herbage normal green. 

26*1742-5 Bushy, anthocyanin present, hairy, marginal achenes white, 
herbage Aormal green. 

Seven plants were isolated from culture 29 . 108. Allweretall, with anthocyan- 
in present and hairy. Plant 6 was the only one with dark marginal achenes. 
For growing the P 2 population a small portion of seed from the progeny of each 
plant was used. 

Expeeimental eestjlts 
Inheritance of anthocyanin 

Anthocyanin is found in many parts of the plant but is most noticeable in the 
midribs of the leaves and on the lower portions of the stems. The degree of its 
development may vary with different plants. In the plants with anthocyanin 
present the ligules usually have a red stripe on the back. Table I shows the data , 
on segregation of hybrid plants. 

Table I 


Monohybrid segregation of non-pigmented plants from the progeny of pigmented plants 


Culture 28*25 

Total 
No. of 
plants 

No. of 
plants 
with 
antho- 
cyanin 

No, of 
•plants 
with 

no antho- 
cyanin 

Calculated 

Deviations 

Plant 1 . 

31 

26 

7 

24*75 

8*25 

l*25i:l*63 

Plant 2 . . . 

83 

63 

20 

62*25 

20*75 

0*75 ±2* 66 

Plant 3 . 

66 

53 

13 

49*50 

16*5 

3*50±2*37 

Plant 4 . . 

95 

72 

23 

71*25 

23*78 

0*75±2*85 

Plant 5 . . . 

62 

46 

16 

46*50 

15*5 

0*50±2*30 

Plant 6 . 

98 

77 

21 

73*50 

24*5 

3*50±2*89 

Total 

435 

337 

98 

326*25 

108*75 

|l0*75±6*09 


The ratio in this case is 337 pigmented (red) to 98 non-pigmented 
(not red) plants and the deviation is less than twice the probable error. This is 
clearly a uni-factorial ratio, therefore this character is conditioned by a single 
dominant gene difference. 44 a 
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That this factor pair (Aa) controlling the production of anthocyanin is sepa- 
rately inherited from (Gg) a factor pair for chlorotic foliage colour or yellow is 
indicated by the F 2 distribution shown in Table II. 

Table II 


Dihybrid segregation in the progeny ofself-fertilized Fi plants (AaGg) of culture 28 "25 



Total 
No. of 
plants 

, 

No. of 
red- 
green 
(A-G) 

! plants 

No. of 
red- 
yellow 

(A-g) 

plants 

No. of 
non -red 
green 

(a-G) 

plants 

No. of 
non-red 
yellow 

(a-g) 

plants 

Deviation 

Observed . 

431 

252 

83 

75 

21 


Calculated 
9:3:3; 1 

• * 

242*4375 

70*8125 

70*8125 

26.9375 

(P= 0-2174) 


The goodness of fit value in this case is about twenty-one per cent which 
clearly indicates that these two factors are independently inherited. By using 
Immer’s method for calculating linkage intensities [Immer, 1930] the ratio of pro- 
duct value is 0 * 8501 and the crossing-over value about forty-eight per cent 
which also indicates no linkage between these two factors. 

Inheritance of yellow ’’ 

Yellow’’ (gg) is a recessive condition characterized by dilution of the 
quantity of chlorophyll and tentatively called yellow ” from the yellowish green 
colour as compared with the dark full-green pigmentation normal to the species. 
“ Yellow ” plants are usually a little smaller, grow more slowly, and mature later 
than the normals. Individual plants vary in degree of yellow colour, that is, some 
are deeper yellow than the others. It is quite possible that these differences may be 
merely due to the differences in nutrition. 

The data are presented in Table III. 

Table III 


Monohybrid segregation of yellow ” plants from the progeny of green plants 


Culture 

28*25 

Total 
No. of 
plants 

No. of 
green 
plants 

No. of 
yellow 
plants 

Calculated 

3 : 1 

Deviation from 
3 : 1 

Plaat 1 . 

32 

25 

7 

24-00 8-00 

1*00 ± 1*65 

Plant 2 . 

85 

62 

23 

63-75 21-26 

1*75 ± 2*69 

Plant 3 . 

69 

52 

17 

51-76 17-26 

0*25 ± 2*43 

Plant 4 . 

100 

74 

26 

76-00 25-00 

1*00 ± 2*92 

Plant 5 . 

64 

50 

14 

48 00 1600 

2*00 ± 2*34 

Plant 6 . 

103 

79 i 

24 

77-25 25-76 

1*75 ± 2*96 

Total 

i 

453 

1 

342 

111 

339-75 113-25 

2*25 ± 6*22 
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The ratio in this case is 342 green to 111 yellow plants and the deviation is 
less than one third of the probable error. Hence yellow ” is a simple recessive 
to normal green. It has also been shown above (Table II) that factor pair (Gg) 
for yellow plant colour is not linked with the factor pair (Aa) which controls the 
production of anthocyanin in plants. 

Inheritance ofBusMness 

The bushy plants are characterised by having slender stems as well as a 
greater number of thin branches. They have a spreading habit of growth. There 
is no difference between the normal and the bushy when the plants are young but 
in the normal plants the flowering stalk becomes longer and the plants when mature 
can be easily separated. 

Table IV 


Segregation of bushy plants in the progeny of normal plants 


Culture 

Total 
Ho. of 
plants 

Observed 

Calculated 

Deviation from 
3 ; 1 

Normal 

Bushy 

Normal 

Bushy 

29-103 

92 

68 

24 

69 1 

23 

1-00 ± 2-80 


The ratio in this case is sixty-eight normal to twenty-four bushy plants and the 
deviation less than one half of the probable error. This is a simple mono-factorial 
ratio ,* therefore the character bushy must be conditioned by a single gene recessive 
to a gene responsible for the normal habit of growth, 

Genebal discussion 

Unfortunately individual isolations of plants were not practised in both the 
cultures, therefore, no reliable data could be obtained on the colour of marginal 
achenes and hairiness baldness in plants. At least plants with white marginal 
achenes should have been separated from those having coloured marginal achenes. 
In view of the fact that parent plants with white marginal achenes when crossed 
together gave an Fj with coloured marginal achenes and the segregations in three 
of the Fg families fitted so closely to 9 coloured : 7 white ratio, it is suggested 
that two complementary genes might be involved in the production of coloured 
marginal achenes. The occurrence of white marginal achenes in some of the F^ 
plants shows that one of the parent plants was segregating for the complementary 
factor. 

The objective in this work was to secure a strain of G. dioscoridis homozygous 
for all the recessive characters. There are four pairs of chromosomes in this 
species and it is desirable that each chromosome be differentiated by at least one 
gene effecting an easily distinguishable morphological character, in order that a 
farther analysis of the species be made possible, 
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Tlie studies of the comparative genetics of Drosophila and of rodents have 
proved that related species have germinal system which are either identical or very 
similar in organization. Collins [19241 crossed two glabrous plants of different 
races of G. capillaris from different localities and obtained all glabrous plants, 
proving that the same gene was responsible for the appearance of glabrous in each 
race. By crossing a non-hairy plant of Grepis dioscoridis with a non -hairy plant of 

0. capillaris, it can easily be demonstrated whether or not the recessive non-hairy 
is a case of parallel variation. The other recessive characters, anthocyanin absent 
and herbage yellow, which occur in this species, are also reported by Collins, to 
occur in (7. capillaris. The occurrence of coloured marginal aohenes is reported 
by Navashin [1929] in G. aspera. Thus there is evidence suggesting genetic paral- 
lelism in C. capillaris, G. aspera and G. dioscoridis. A parallel study of genetics 
and cytology of the three species and their hybrids might throw considerable light 
on their relationships. 

The writer is indebted to Prof. E. B. Babcock at whose suggestion the investi- 
gation was started, and to Prof. R. E. Clausen and Dr. C. F. Pool for valuable help 
and suggestions during the progress of the investigation. Mr. C. W. Haney, 
Laboratory Assistant in the Division of Genetics kindly made the crosses and grew 
the Fj plants. 

Summary and conclusions 

1. In the species Grepis dioscoridis three pairs of factors viz., Aa, jSrg and Bb 
are found to be responsible for the inheritance of the characters, anthocyanid 
present or absent, yellow or green plant, and bushy or normal habit of growth 
respectively, and probably two pairs of complementary genes are involved in the 
production of coloured marginal achenes. 

2. Plants of Grepis dioscoridis are largely cross-fertilized. 

3. G, dioscoridis and G. capillaris exhibit similar variations in morphological 
characters and it is possible that they may be closely related to each other! 

REFERENCES 

Babcock, E. B. (1920). Amer. Nat. 64, 270-276. 

Babcock, B. B. and Collins, J. L. ( 1920). Univ. Galif. Puhn. in Agric. ScL 2, 191-204 
Babcock, E. B. and Navashin, M. (1930). Bibliographia Genetica 6, 1-90. ^ 

Collins, J. L. (1921). Univ. Calif. Puhn. Agric. Sci. 2, 205-216. 

(1924). Univ. Calif. Pvbn. Agric. Sc. 2, 249-296. 

Haldane, J. B. E. (1927). Biol. Eev. 2, 199-212. 

Harris, J. A. (1912). 46, 741-745. 

Immer, F. R. (1930). Genetics 15, 81-98. 

Navashin (Nawaschin), M. (1929). Univ. Galif. Puhn. Agric. Sci. 2, 377-400. 

Ran, Venkatra (1923). Univ. Calif. Puhn. Agric. Sci. 2, 217-272, 

Sturtevant, A. H. (1921), Genetics 6, 179-207, 


A NOTE ON A NEW TYPE OE PROGRESSIVE DAMAGE 
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(Received for publication on 16tlx March 1936) 

(With Plates L and LI and one text-figure) 

The ultimate transformation of cellulose matter into carbon dioxide and water 
through the agency of micro-organisms is an important balancing process of 
nature. The manner in which this process is sometimes associated with structural 
changes in cotton hairs appears to be hitherto un-recorded. Denham [1922] 
states, ‘' Actual damage may take place either from the organism attacking the wall 
and reducing its effective thickness at one or more points'^ or from bursting of the 
wall by the pressure produced by internal growth ”, It follows that Denham’s 
description and illustrations refer to reduction in wall-thickness at one or more 
points only. At these points, apparently, the micro-organisms gradually drill 
holes in the fibre and damage its structure. Complete disappearance of secondary 
cellulose in a certain length of the fibre leaving an almost empty cuticular tube is 
neither described nor illustrated by any previous worker in the available literature. 

Burns [1927] recognizes two types of organismal deterioration, viz,, (1) Deterio- 
ration due to actual decomposition ; and (2) deterioration due to the presence and 
growth within the cotton hair of micro-organisms, w^hich may develop to such 
an extent as to afiect the physical properties of the hair by simple growth pressure, 
iilthough the deterioration described below may appear to fall iri type 1 as above, 
yet, again specific instanccwS of this nature are not given either in his description or 
the photomicrographs. Thaysen and Bunker [1927] and Prindle [1034], who have 
made a detailed study of themicro-biology of cotton hair and in whose publications 
full references to earlier work will be found, also do not make any mention of the 
type of damage described here. 

In the course of examination by Bright’s Congo red technique of Broach Palej 
cotton for damage due to storage, a new' type of deterioration in which the cell- 
wall is reduced to cuticular thickness over varying lengths in different fibres, was 


* The italics are mine. 
( 861 ) 
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noticed. The normal thickness of the cell-wall gradually tapers towards the hol- 
lowed portion as shown in the camera lucida drawing of one seuh fibre below. 
A remarkable feature, therefore, of this type of damage is that the nature of matu- 
rity chracteristic, i.'i., the wall-thickness, is radically changed in the affected 
portions fi:om that of mature or half-mature into immature type. In order to verify 
this observ^ation, actual measurements of wall-thickness and ribbon-wddth of ten 
fibres in the normal and corroded parts of each were made. These are given in 
Table I. It will be seen from the mean values that whereas in the case of normal 
portions the wall-thickness of these swollen hairs is nearly half the ribbon- width, 
it is less than l /12th of the ribbon- vddth in affecited portions. 
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Table I 



Normal portion 

Corroded portion 

Fibre -number 





i 

Ribbon-width 

Wall-thickness 

Ribbon-width 

Wali-tMckness 


1 

Microns 

Microns 

Microns 

Microns 

1 

32*71 

13*75 

35-31 

2*61 

2 

24*88 

12*32 

26-68 

1*90 

3 

36*02 

17*06 

32*23 

2*37 

4 

23*70 

11*61 

25*36 

2*13 

5 

18*49 

7*58 1 

18*49 

2-37 

6 

26*31 

9*24 1 

33*42 

3*56 

7 

23*70 

9*71 

28*44 

3*79 

8 

22*51 

10*67 1 

23*46 

1*42 

9 

30*81 

9*48 i 

31*05 

1*90 

10 

29*62 

10*67 

34*60 

2*13 

Total 

268*75 

112*09 

289-04 

24*18 

Mean 

26*87 

11*21 

28*90 

2*42 


This da-mage is wholly mternal in contrast to the two types already described 
which sooner or later lead to external injruy. 

The original sample of this cotton before storage showed no instance of in- 
ternal corrosion ; while the sample stored for six months showed about ten per cent 
of such hairs ; and after twelve months the corroded hairs were as numerous 
as twenty -five per cent. (In each case 300 fibres were examined from a 
representative sample). • The increase in the number of affected hairs and also the 
affected length indicate that the change has been brought about during the period 
of storage. 

The internal corrosion usually occurred towards the basal end of the fibre. Tn 
a few cases, however, it was noticed near the apical and also, when the latter hap- 
pened to be broken. Again, instances of this hollowing process from the injured 
spot on 'either side of the injury were also- observed. The maximum length 
affected in this manner extended up to one cm. from the broken end. 

^ The reason why such damage occurred most commonly at the basal end- is 
that the fibre is torn from the seed-surface, resulting in an opening in the lumen. 
This opening admits micro-organisms to the interior of the otherwise closed tube. 
Once the organisms enter the lumen, they not only obtain dried protoplasm as 
food material to thrive on, but also come in direct contact with the internally 
unprotected cellulose. The moment they establish themselves, they commence 
functioning as cellulose decomposers, if they happen to be of that type. They 
cannot do it as easily from the outside on account of the presence of a protective 
waxy layer of cuticle on the fibres. 
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Examination of numerous fibres (5,000) from end to end showed that the 
internal corrosion of cellulose is invariably associated with the presence of micro- 
organisms. Some seventeen species of fungi and three t37pes of bacteria were iso- 
lated from this cotton. These will be described in a later publication. It is not 
easy at this stage to assign the internal corrosion to any one of these micro- 
organisms. Possibly both bacteria and fungi are involved in this process. The 
hollowed out parts were found to be localised near the broken ends or injury spots 
both of which are well-known seats of organismal infection. Eurthermore, these 
parts were found to stain deep red by the Congo Red technique which according to 
Bright [1926] indicate moderate fungal damage. This, however, may be due to the 
action of bacteria, as Bright’s technique is unable to distinguish between fungal and 
bacterial damage. The absence of secondary cellulose near the basal end of mature 
hairs is inexplicable on any other ground except as a result of the action of micro- 
organisms. Any interruption in the flow of protoplasm which is responsible for 
the deposit of cellulose in layers must essentially affect the rest of the fibre, as the 
source of nutrition is below its base. The fibres in question were, however, found 
to be quite well developed above the affected lengths. An alternative explanation 
on the basis of shrinkage of cellulose but not of cuticule may even be considered . 
This is also contrary to the observation of Osborne [1935] that cuticle shrinks in 
length on iD^^eing treated with caustic soda and in circumference on being washed 
in w^ater after the process of mercerisation. The cell- wall w'as usually found to 
taper towards the hollow portions in which lay disintegrated layers of cellulose 
wall. In the event of mere shrinkage there is no reason for the cell- wall to taper 
or lose its compactness. It is, therefore, concluded that internal corrosion of 
cotton fibre is wholly attributable to the decomposing action of micro-organisms. 

In support of the above view nine photo-micrographs are reproduced below. 
Plated, fig. 1 shows the basal end of an undamaged hair. Plate L, fig. 2 showB 
the beginning of the internal corrosion which extends up to the point marked 
by the letter A. In Plate L, fig. 3 the damage has progressed to about 0*7 mm. 
Pig. 4 shows a still greater length affected in this manner, the letter A again 
marking the extent to which corrosion has progressed. Plate L, fig. 4 shows 
corrosion on either side of injury at B occurring about the middle of a fibre. 
Plate L, fig. 5 brings out clearly that the cell-wall tapers from the normal to the 
corroded region. Plate LI, fig, 1 shows the details of the affected part. The 
presence of some spirillar organisms as indicated by the arrow may be noted. 
Plate LI, fig. 2 illustrates organisms in the lumen of an otherwise normal portion of 
cotton fibre. This fibre looks highly magnified as it was flattened out by pressure 
in the course of examination. Plate LI, fig. 3 relates to two fibres, a thin one and 
a broad one, the latter showing, in its interior, dislocated layers of cell -wall, which 
precede corrosion at the transition poiut between the normal and the affected 
regions. Plate LI, fig. 4A shows partly peeled off layers from the cell-w^all, 
^'hi\e 4B shows some of the organisms, at a high magnification, in the • corroded 
region. 
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Summary 

While investigating the causes of deterioration of Broach cotton, a type of 
damage to the structure of cotton fibre was discovered which does not appear to 
have been described by the earlier workers. The chief characteristics df M 
damage are that (I) it commences from the usual seat of organismal jnfeetioB, 
the basal end or a tear in any other part of the fibre ; and (2) it slowly progresses 
internally disintegrating and corroding the cell- wall, leaving intact merely cuticular 
sheath. The cell-wall gradually tappers from the unaffected portion into the 
affected one. Nine photo-micrographs are reproduced in support of the 
observation. 

In the end the VTiter takes this opportunity of expressing his gratitude to Dr. 
Nazir Ahmad, Director of the Laboratory for his helfpul guidance. 
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OF INVESTIGATIONS ON THE BAKING VALUE 

BY 

Pbof. Dr. LUIGI BORASIO, 

Experimental Laboratory for the Cereal Ind-mtries at Vercelli, Italy 

(Reprinted from the International Review of Agriculture, Monthly Bulletin of Agri- 
cultural Science and Practice, Rome, year XXVI, No. 9, September, 1935) 
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Foreword 

The numerous researches recently made in regard to the chemistry of cereals 
by well-known scientists and investigators throughout the whole world have led 
to considerable changes in analytical chemistry and have shown, the necessity for 
bringing up to date and unifying the methods of analysis and research. Ing. 
Arnaldo Liiraschi, President of the ‘‘ Federazione Nazionale dei Panifleatori ”, 
made this necessity clear at the 1st International Bread-making Congress (Rome, 
1932) and his proposals were again vigorously defended at the 3rd International 
Technical and Chemical Congress of ilgricultural Industries (Paris, 1934) and at 
the 16th International Agricultural Congress (Budapest, 1934). 

It is certain that great improvements would be effected in the cereal trade if 
it were possible to come to an international agreement on the processes and methods 
of analysis and estimation. This, however, is a very delicate and complex question 
which is more diiScult to solve than would appear at first sight. In fact, it is not 
only a question of standardising present methods, but it is above all essential that 
analysts and investigators should put their own personal feelings on one side and 
work together with the same methodical and scientific spirit. 

The object of this present article is merely to present and to specify the most 
recent and accurate methods of research in the hope that an international meeting 
of scientists, technicians and persons interested in the question will be held in the 
near future and will lead to an agreement, and also to a practical application 
as indicated above. 

To return to the subject, accord.mg to the object of the research the method 
of analysis may be classified in three categories : 

(1) analysis of wheat ; 

(2) analysis of flours ; 

(3) experimental tests and analysis of bread. 

. ' ( 866 ) 
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It is certain that, with regard to the baking value, the most satisfactory 
determination is obtained by the practical proof of baking. In fact, the quality 
of the bread obtained allows an indirect, but exact, estimate to be made of the 
baking strength ’’ of the flour. 

It must, however, be added that analytical research is always necessary as 
not only does it demonstrate the various chemical, physical and physico-chemical 
properties of flours and the origin of certain phenomena, but also may provide 
elements whereby it will be possible rapidly to appreciate the qualities of the 
product examined. 

In this first chapter research on wheat will be discussed and in the following 
chapters flours and bread. 

Chapter I 
Analysis of wheats 

Wheats have very variable characteristics and properties, dependent on 
numerous factors which are connected not only with the variety, bufc also with 
fche systems of cultivation, the nature of the soil, climate, etc. 

There are a great number of varieties of wheat, several tens of thousands, 
and the number increases continually owing to the work of selection and hybri- 
disation. 

Following the production and trade classification wheats may be placed in 
three large categories : — 

(1) Hard wheats (Triticum durum Desf.) with hard and heavy grain, compact 
and flinty on breaking. 

To this category belong the hard wheats of strong })read-making quality of 
the types Manitoba, Bankuti, etc., and also the wheats with yellow, golden or 
straw coloured grain chiefly suitable for the manufacture of alimentary pastes. 
These latter are grown principally in hot countries. 

(2) Semi- soft wheats (Triticum turgidum average sized grains, yellowish 
in colour, on breaking starchy in the centre and flinty on the outside. In Italy 
these wheats are grown in the central regions. 

(<?) Soft wheats {Triticum tmigare Willd.) differentiated from the preceding 
wheats by the fact that the grains break readily and are white and starchy through- 
out. 

As has already been seen, not all wheats are suitable for bread-making ; vdiile 
many soft and semi-hard wheats have the characteristics qualities for the preparation 
of light and well-risen bread, a certain number of hard wheats, particularly suitable 
for the manufacture of alimentary pastes, have properties which render them 
unsuitable for bread-making. 

A flour, to be really suitable for bread-making, should have a combined set 
of characters which are known in the trade as the ‘'strength of the flour"’. 
This is the combination of chemical, biochemica], physical and physico-chemical 
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properties wliicli, on the one hand, give a normal and adequate fermcjitation 
and, on the other, impart to the dough a sufficient resistance to the pressure of 
gases disengaged as to confine them as much as possible. Hence the mass dilates 
and its volume expands uniformly and a bread is obtained v/hich is large -volumed, 
light, appetising and perfect in all respects. 

Wheats and flours are known as strong ” when they possess the properties 
indicated to an adequate degree while the weak wheats and flours are eharac- 
terised by an insufficiency of these properties. 

Passing on the analysis of wheat, a few brief words will now be said on the 
principal determinations, at the same time particularly emphasising the latest 
Improved methods. 

The present methods of appreciating wheat may be classified under four 
headings : — 

(1) Methods for determining physical and organoleptic characteristics. 

(2) Methods of investigating the chemical properties. 

(3) Methods based on biochemical determinations. 

(4) Methods relating to the yield in flour. 

It Is, however, advisable to first say a few words on the taking of samples, 
grinding and preparation of the product. 

Taking of sampleB.— The essential condition for obtaining accurate results in 
the analysis of cereals is to take samples which represent an average of the product 
examined. Por this purpose suitable apparatus are introduced into the mass of 
grain and several samples are taken from various depths. These are then mixed 
together into the shape of a square. This square is divided into four parts by 
the two diagonals. Two of these parts, the opposite angles of which touch, are 
then taken. If the sample is too large the above process is repeated until a 
sample is obtained suitable for research purposes. 

Grinding and 'preparation of the produd . — Before being subjected to chemical 
analysis, the wheat should be ground so that it constitutes a fine and homogeneous 
mass, uniform and constant in composition. For this purpose a small laboratory 
mill is required and the grains should be ground in such a manner that the chemical 
composition of the produ ct is not altered. This work must, therefore, be carried 
out slowly, avoiding any heating of the flour w^hich would aflect the composition. 
The flour thus obtained is conserved in glass pots hennitically sealed with parafin 
until such time as they are utilised for further investigation, 

A. The study of the organoleptic and physical properties of wheat, which 
are of great importance from the scientific and practical point of view, relate to 
the following characters : — 

(1) Purity of the wheat ; 

(2) Weight of 1,000 grains: 

(3) Voliime of 1,000 grains ; 
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(4) Weight per hectolitre ; 

(5) Specific weight ; 

(6) Flintiness or hardness. 

Determination of purity , — ^The purity of the wheat- is a valuable factor for the 
classification of the wheat from the standpoint of commercial value. It would be 
desirable to be able to fix a maximum tolerance of the total quantity of foreign 
bodies (2 per cent for examples), as these foreign bodies are the cause of eoiisider- 
ahle loss during the processes of cleaning, especially if they are in the form, of 
particles of iron, small stones, etc. 

The purity of the wheat is determined in a very sim.ple manner ; after having 
taken a sample of lOQ grammes of wheat, all the foreign substances are separated 
from the mass by means of a magnifying glass and a pair of small pincers. The 
sample is then weighed again and brought up to iOO grammes. 

Weight of IfiOO grains . — The weight, which is in direct relation to the size 
of the grains, is generally determined by means of a special graia-oounting 
apparatus. 

Volume of 1,000 grains.--In the majority of cases there is a direct relation 
between the volume of the grains and the yield in flour. The volume of 1,000 
grains is determined by means of a small pycnomelre fitted with a graduated tube. 
The apparatus is rilled vdth xylol, 1,000 grains are introduced and the volume 
may be immediately read off from the graduated tube. The data obtained are 
very satisfactory from the practical point of view. If more accurate results are 
required, a volumenometre must be used which will be mentioned again later when 
the specific weight is discussed. 

Weight per hectolitre . — Special importance is attached to this point in the 
purchase and sale of wheat although it does not precisely indicate the true milling 
yield. It should be noted here that the true commercial value of wheat is to be 
estimated not only according to the yield in fi our, but also according to bha use 
to which it will be put. It has in fact been ascertained that the milling value of 
wheats is shown opproximately by the weight per hectolitre, while there is no 
relation between this weight and the suitability of the wheat for bread making. 
Several factors influence the value of the weight per hectolitre, among which are 
the following — 

(1) The space occupied by the wheat which is dependent on the close pack- 

ing between one grain and another. 

(2) The specific weight. 

These factors, in their turn, are dependent on : the chemical composition 
of the grain, and especially on its content in water and bran ; the volume ; the 
shape ; the presence of foreign bodies and imperfect and unripe grains ; the smooth- 
ness of the surface of the grain on which depends the slipping down or heaping 
up of the mass. It is understood also that the variation in the weight per hecto- 
litre is also influenced by the soil and climatic conditions of the place of origin of 
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the crop, by the degree of ripeness, or of dryness, by the purity, etc. To these 
factors, which are dependent on the quality of the product, must be added other 
factors related to the methods employed for warehousing the wheat. The weight 
of the hectolitre varies considerably according to the height and capacity of the 
warehouse and the quantity stored, and it is thus that, according to different 
methods of storing, (sacks transported and emptied by hand, transporter eleva- 
tors, suction elevators, etc.) the heaping of the grain will vary and with it the 
weight per hectolitre. 

In the trade it is more important to obtain values which are comparable and 
correspond to each other than very accurate results ; also it is essential strictly 
to follow the prescribed rules and to employ the methods and apparatus ofSoially 
adopted. The Schopper apparatus with a capacity of one litre is the most utilised ; 
special tables give the weight of the hectolitre calculated from the figures shown 
on the scale. It is advisable for this determination to place the wheat in the 
apparatus by means of a filler of funnel shape with a wide base so as to obtain the 
same packing each time*. 

The weight of wheat to the hectolitre varies from 68 to 84 kg. and is as 
much as from 87 to 88 kg. for hard wheat. 

Specific weight , — The value of this weight varies from 1 • 28 to 1 • 50 and is in 
strict relation to the quantity of the cereal examined. 

In the opinion of certam authors, the speo'fic weight of a wheat should 
always be determined in order to appreciate the commercial value as this would 
be much more accurate than the weight per hectolitre the determination of which 
is influenced by various factors. 

The specific weight varies according to the differences in the nature of the pro- 
duct examined and, with regard to cereals, two factors must be taken into con- 
sideration : — 

(1) The air content ; 

(2) The chemical composition of the cereal. 

Air is present either in the external integuments or in the albumen ; the specific 
weight diminishes as the air content increases. Humidity greatly influences the 
specific weight, also the protein substances, there being a diminution in the specific 
weight in proportion to an increase in these substances. 

For determining the specific weight of cereals, the apparatus used at present 
are ordinary pycnometres or special pycnometres (Bruckner-Kuhn apparatus) 
and the method of heavy liquids of Prof. Neumann is followed (Zeitschrift fur das 
gesamte Muuhlewesen, 1927,4). These processes are not, however, free from 
error as the xylol, as well as the other liquids, does not adhere perfectly to the 
surface of the grain and is also more or less absorbed by the grain. 

* E. Schmidt has invented a new appratus whereby by means of a system of small 
gratings the packing of the wheat, in th© receptacle is simplified and is more uniform and 
constant. The results are higher, but more in agreement and more accurate (Das 
Mihlenlaboratorium, 1932. 4). 


Ind. J. Agric. Set., Vol. VI, Part III. ] 


PLATE LII 



Volumenometre witli direct reading. 
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The most accurate method, and the one that should be adopted for 
cereals, is certainly that which is based on the use of volumenometres ordinarily 

employed in physics for determining the speoiec weight of substances with a high 

absorbeat capacity. 

In our laboratory we have used a volumenometre invented by our collaborator, 
Dr. De Rege, which has the advantage of giving a direct reading. The characteris- 
tic of this apparatus is that the glass tube containing mercury is graduated so as 
o correspond to a given barometric depression. The calculation is very rapid. 
The apparatuses calibrated, the recipient is filled with a certain quantity of grain 
and the result is read and verified by means of the manometre. The total specific 
weight IS obtained by dividing the number of cubic centimetres occupied by the 
cereal by the weight of the cereal. 


Specific weight of various wheats 



j Pycnometre 

! 

Bruckner 

Method 
of Prof. 
Neumann 

Volumeno- 

metre 

Weight 

per 

hectolitre 

(in hg.) 

Wheats 

Water 

Xylol 

Kuhn 

apparatus 

(Xylol) 

Amber . 

Senatore Cappolii . 
Manitoba 

M< ’iitadia 

Balilia . . . i 

Virgil io . . . | 

Catria . . . j 

Ziira 

Fans to 8('.stiiii 
Daiiiiano Chiosa 

1,250 

1,224 

1.256 
l,24g 
1,240 
1,234 
1,258 
1,230 

1.257 
1,268 

1,378 

1,335 

1,355 

1,402 

1,355 

1,355 

1.332 
1,355 

1.333 

1.334 

1,377 

1,334 ; 

1,356 

1,400 

1,352 

1,355 

1,330 

1,350 

1,330 

1,333 

1.384 
1,360 
1,382 i 

1.385 

1.374 

1.375 

1.371 
1,375 
1,375 

1.372 1 

1,410 
1,385 1 

1.415 i 

' 1,419 

1,410 

1.416 1 

1.399 j 

1.400 ! 
1,420 ! 
1,400 ! 

82 15 
78-60 
83*70 
80*35 
80*35 
78*60 
78*80 
81*23 
76-80 
81-25 


The data given by the volumenometre are higher, but more accurate. It must 
also be remarked that there is no strict relation between the value of the specific 

W'eight and tlio weight per hectolitre. 


Determmation of ,/imh’rae.ss.— According to a great number of authors, the 
degree of flintiness or hardness is in direct relation to the quantity of nitrogenous 
substances and gluten contained in the wheat. The wheats richest in flinty“grains 
are the most sought after for making alimentary pastes, while those richest in 
starchy grains are most suitable for manufacturing starch. It must be remarked 
that there are hard wheats which are not suitable.>or making pastes, while bein^ 

eminently suitable for bread-making. ® 

For the purpose of determining the hardnos.s of wheal s, special apparatus 
for taking sections are used and the percentage of hard, semi-hard and starchy 
grains Ls calculated. ' 
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^AChemical amlysis of wheat generally includes the following detorniina- 
tions : — 

(a) Determination of humidity, 

(b) Determination of ash, 

(c) Determination of pro teic substances, 

{d) Determmation of fats, 

(e) Determmation of crude cellulose. 

Determination of humidity. — ^Humidity is an element of great importance in 
estimating the value of wheat from the commercial standpoint and from that of 
its keeping qualities. The humidity content of wheat is chiefly dependent on the 
climatic conditions in which it has been grown. Humidity appears under various 
forms, especially : 

Absorption humidity ; 

Vegetation humidity ; 

Humidity of chemical constitution. 

The first is derived from the soil, the second is due to rains, mists, dew, 
etc. 

Vegetation humidity is present in all the phenomena of development, growth 
and maturation of the plant. The cereal loses a part in drying and retains a 
quantity varying from ten to sixteen per cent. 

As to the third type of humidity, constituted by the water of crystallisation 
and that derived from the disintegration of molecules, no investigation has been 
made. 

Several methods are followed for determining the humidity. In our laboratory 
the process is as follows : — 

Tive grms. of wheat flour are taken and placed in a calibrated weighing 
bottle, it is then dried in a stove at 105°, up to constant weight 
(six hours)*. 

Determination of ash.— The ash content in wheats varies from D5 to 2*6 
per cent and the wheats poorest in ash are generally the least rich in cellulose, 

Por the determmation of ash the process is as follows : — Five g. of wheat 
flour is carefully weighed in a platinum or porcelain evaporating dish and then 

* The determination of humidity in a stove at 105° does not give very a(‘.curato 
results and as a rule there are errors of about 0*3 per cent. To eliminate cornplofcc^ly 
the last traces of humidity a Liebig U-tube must be used, brotight up to 105° and 
through which a current of dry air or inert gas is passed. The rapid methods recom- 
mended lately such as those based on the use of high temperatures, or on the determi - 
nation of water by distillation in the presence of special liquids, or on the determination 
of humidity by electric constants, although of great interest on account of their rapidity, 
do not give an absolutely accurate determmation* 
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placed in a muffle furnace which is progressively heated up to a maximum, tem- 
perature of 650°. For rapid results it is advisable to moisten the mass after car- 
bonisation with small quantitites of oxidising substances such as neutral oxyge- 
nated water, a watery solution of ammonium carbonate or nitrate, etc. 

Determination of nitrogenous substances. — ^The content of wheat in nitrogenous 
substances is in direct relation to the gluten in the flour and varies greatly from 
one wheat to another. With certain hard wheats it is as much as ninteen per cent. 

The quantity of nitrogen is ascertained by the Kjeldahl-Ulsch method, using 
3 gm. offlour, 25 ccm^ of phospho-sulphuric acid (125 gm. phosphoric anhydride 
dissolved in 1,000 ccm^ of sulphuric acid at 66°B), a small quantity of copper oxide 
(0*05 gm.) and four to five drops of a ten per cent solution of platinum chloride. 
The quantity of protein substances is obtained by multiplying the nitrogen content 
ascertained by the factor 6*25. The American official method prescribes the factor 
5*7, while the figure 6* 25 is generally adopted in European laboratories. 

Determination of fats. — Ten gm. of flour are placed in an extraction filter 
and dried for two hours in a hot water oven. Extraction is then carried out for 
ten hours in a Be Soxhlet apparatus with anhydrous ether. The filter is removed 
and the balloon flask containing the ether extract is heated to eliminate the ether. 
The final traces of ether are removed by heating the open balloon flask in a bain- 
marie. The residue is then dried for one hour in a hot- water oven and then weigh- 
ed. The fat content varies greatly in different wheats, and may be from 1*5 to 
1*9 per cent. 

Determination of crude cellulose. — ^Por this operation the Weende method is 
the most advisable. The procedure is as foUows : — 

In a porcelain evaporating dish is placed 3 gm. of flour with 200 cm^h of 
sulphuric acid (1*25 per cent) and boiled for 1-| hours, adding water as evaporation 
takes place. It is then filtered and the contents of the filter is collected in the 
evaporating dish by a jet of water ; 200 cm^ of water is added and the whole is 
boiled for half an hour. It is then filtered again, the water treatment is repeated ; 
it is boiled again and the residue is placed in the filter. 

The residue in the filter is boiled again in the same evaporating dish for half 
an hour with 200 cm® of a solution of caustic potash (1*25 per cent) and filtered. 
The water treatment is repeated twice, boiling each time for half an hour. 

All residue not dissolved is passed through a calibrated filter, previously dried 
at 105°, it is first washed in boiling water then cold water, and finally in a mixture 
of alcohol and ether, it is then dried at 105° and weighed. The filter and its con- 
tents are placed in a crucible, the whole is incinerated and weighed. The quantity 
of crude cellulose, referred to 100 parts of substance, is obtained by deducting 
from the weight first obtained the weight of the ash. The proportion of crude 
cellulose varies from 1*5 to 3 per cent and even 4 per cent for certain wheats. 

46 A 


874 INDIAN JOURNAL OF AGRICULTURAL SCIENCE [VI, III 

O, Bio-oherEical tests, wMoli are made on the whole wheat, include all the 
methods whereby the baking value of the variety may be determined with more 
or less accuracy. 

The need for a method suitable for the requirements of farmers and geneti- 
cists (who, for the creation of new varieties, must carry out tests on small quanti- 
ties of wheat) has resulted in new studies being made by numerous investigators. 

The method most widely used by technicians is certainly that of Br. Pelsehnke 
of Halle University, (Archiv fur Pflanzenbau, 1930, 5). This scientist has 
introduced a bio-chemical process called '' Schrogarmethods ” for determining 
the quality of wheat from the point of view of bread-making. The process is as 
follows : — 

Ten g. of whole flour is kneaded with 0*5 gm. of yeast and 6 cm’*^ of water 
so as to obtain a dough of average consistency. Contrary to what usually occurs 
with ordinary flour, whole flour, according to the writer, will always have the same 
degree of water absorption, so that the tests will give constant results. 

The dough is divided into two equal parts and well kneaded by hand on a 
glass sheet so as to form two balls of dough, taking care to make them perfectly 
homogeneous. These two balls are placed in two glasses 6 cm. in diametre and 
7 cm. in height, and filled with 75 cm®, of water. These are placed in a thermo- 
stat at 32°. The time when the balls are placed in the glasses is noted and also 
the moment when, after the splitting of the dough into fragments these fall to the 
bottom of the glass. The time, in minutes, which elapses between the beginning 
of fermentation and the break up of the dough is taken as an index figure of the 
quality of gluten. Weak flours break up rapidly, strong flours slowly. 

These index figures vary greatly according to the variety of wheat, Th 3 
finest wheats have indices exceeding eighty; the weakest have indices below 
thirty. 

This method, which according to numerous experimenters gives results very 
fairly in agreement with baking tests, is particularly valuable in the field of gene- 
tics with regard to the choice and estimation of new varieties. 

Another rather similar method is the Guttingen (Das Muhleniaboratorium, 
1934, 7 and 10). The increase in volume of the ball of dough is determined during 
fermentation and consequently the capacity of the dough to retain gases. This 
property is more pronounced in the flours of superior quality. 

B, Investigations on the milling yield —Aii approximate appreciation of wheat 
from the point of view of miUing is arrived at in the trade, on the basis of weight 
per hectolitre. 

It is generally considered that wheats having a weight per hectolitre less than 
80 give a yield in flour of less by 1 to their weight per hectolitre, while the wheats 
with a weight per hectolitre higher than 80 give a- yield in flour of less by 2. 
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This naturally only serves as an indication and the desirable precision cannot be 
obtained in this -way as other factors, such as humidity, size and shape of the 
grains, percentage of foreign bodies, etc., also have an influence. 

Thanks to modern methods of milling, the miller obtains several qualities 
of flour from the wheat which are sold under different names according to the 

choice of the producer and the purposes for which they are intended. 

With a view to judging the milling quahty of a wheat, millers take as a basis 
the various qualities of flour obtained in identical conditions. It must be remarked 
that the yield in flour also depends, in addition to the quality of the wheat, on the 
system of milling and the improved character of the milling apparatus. 

Investigators in the laboratories extract a single quality of flour known as 
whole or complete flour, obtained from wheat with the bran removed, extraction 
being effected in apparatus of reduced size and according to different methods. 

It is certam that the results thus obtained cannot agree. In fact, scientific 
and practical methods must be followed which give results corresponding to and 
in agreement "with those obtained at the mill. 

For this reason we have adopted a small experimental roller mill called the 
“ Vottero experiment mill ” and with which we obtain very satisfactory result. 


MYCOLOGICAL NOTE 


ON THE SYSTEMATIC POSITION OE THE SMUT CAUSING 
MALFORMATION OF VITI8 QUADRANGULARI8 

BY 

B. B. MUNDKUR 

Imperial Institute of Agricultural Research, Pusa 
(Received for publication on 21st February 1936) 

In 1922 Iyengar and Narasimhan [ 1922 ] reported a smut from Madras on 
Vitisquadrangularis Wall., which caused a distinct witches’ broom of the host. The 
disease started at the nodes where the diseased parts branched repeatedly and ir- 
regularly, bearing dark -green swellings which, when cut open, showed dry, black, 
powdery mass of spores. The spores were coupled in pairs and possessed a dark- 
brown, smooth epispore ; the authors were unable to induce spore-germination. 
The smut was described as a new species of Schizonella and given the name 8. 
colemani. 

The genus Schizonella was created by Schroeter in 1877 to describe a smut 
whose sori are formed in the leaves and whose spores occur in pairs, being joined 
together in the middle by a kind of isthmus. The spores form agglutinated masses 
and are serially produced in the fertile hyphae. Clinton [ 1904 ] states that both 
Schroeter and Brefeld had succeeded in germinating the spores of the species. 
The species of Schizonella so far described seem to be confined to temperate climate 
and to the family Cyperaceae. 

Beck erected another genus, Mycosyrinx, to describe the tropical smuts with 
paired spores. The sori in the case of this genus occur in the interior of the pedicels 
and the peduncle causing a witches’ broom and contain a poiodery mass of 
spores. The spores are produced sirigly at the ends of the fertile hyphae and their 
germination has not so far been observed. The genus seems to be confined to the 
family Vitaceae and to the tropics. Only two species have so far been described : 
Mycosyrinx cissl (DC) Beck and M. arabica (Henn.) Penzig. The latter of these 
is reported on Cissus quadrangularis which is a synonym for Vitis quadrangularis 
Wall. 

The writer has seen Iyengar and Narasimhan’s type specimen (part of which, 
kindly given to him by Professor M. 0. P. Iyengar, is in the Pusa Herbarium) 
and it is manifest that the part of F. quadrangularis that is affected is the peduncle. 
The spores are in a powdery mass and their measurements are in agreement with 
those given by Penzig. There seems to be no doubt that the smut belongs to the 
genus Mycosyrinx and not to Schizonella. 

( 876 ) 
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The species of Mycosyrinx {M. arahica) mentioned above a.s parasitic on 
Vitis quadrangularis is known to occur in India ; it was collected by Dr. W. McEae 
at Mettupalayam, Madras Presidency, in 1911 and was identified by Sydow [1914 ]. 
A herbarium specimen of the smut which exists at Pusa, has been compared with 
Iyengar and Narasimhan’s specimen and the result of the comparison leaves no 
doubt that the smut named by them a,& Schizonella colemani is identical with 
Mycosyrinx arahica (Henn.) Penzig and that the former name should therefore 
be abandoned. 
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MOTES 


TABLES OF STANDARD ERRORS OF MENDELIAN 

RATIOS 

Tables of Standard errors of Mendelian ratios bave been prepared for the 1 : 
1, 3 : 1, 9 : 7, 15 : 1, 13 : 3, 27 : 37 and 63 : 1 ratios, in the Botanical Section of 
the Imperial Institute of Agricultural Research, Pusa, by Dr. S. S. Piirewal and Mr. 
P. Krishna Rao, and have been published as Miscellaneous Bulletin Ho. 11 of the 
Imperial Council of Agricultural Research. 

These tables give directly the standard errors for values of n from 5 to 1,000, 
and can also be used for determining any value of n beyond 1,000 and up to 100,000 
by moving the decimal point and by simple linear interpolation where necessary. 
The method of using the tables is simple and is explained in the introductory note 
which precedes them. They should prove of considerable use to plant breeders 
and geneticists. 


B. P. P. 


PROCLAMATION OF THE UNION OP SOUTH AFRICA 

GOVERNMENT 


* No. 290, 1930 


Proclamation 290 or 1930 


Whereas Mosaic Disease of Sugar Cane, being a plant disease in terms of the 
Agricultural Pests Act, 1911 (Act No. 11 of 1911) has been found to exist in 
the areas enumerated in the Annexure hereto ; 

And whereas it is deemed to be necessary to impose restrictions for the 2)re- 
vention of the spread of the disease ; 

Now therefore under and by virtue of the powers in me vested by paragraph 
(c) of sectionfourteen of Act No. 11 of 1911, 1 do hereby declare, proclaim and make 
known that the prohibition and restrictions set out in the Annexure hereto shall 
exist in respect of the removal of the plants therein named, to the extent therein 
provided. 

Any person guilty of a contravention of any such prohibition or restriction, 
or fadirre to comply with any provision of this Proclamation with which it is his 
duty to comply, will, under section twenty-seven of the said Act, be hable to the 
penalties in that section mentioned. 


( 878 ) 
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Proclamation ISTo. 12 of 1927 is hereby repealed as and from the date of pub- 

lication of tMs proclamation, 

God Save the King, 

Given under my Hand and the Great Seal of the Union of South Africa at 
Pretoria this Twenty-sixth day of November one thousand Nine hundred and 
Thirty. 

ATHLONE, 

Governor-GenemL 

By Command of His Excellency the Govemor-General-in-Council. 

J. KEMP. 

Ann-extiee 


1. For the purpose of this Proclamation the following are declared to be res- 
tricted areas : — 

The Province of Natal and Zululand, excluding the following Magisterial 
Districts of Northern Zululand: 

Ubombo and Ingwavuma 

2. From and after the date of publication, no person shall remove or cause 
to be removed, except by the special permission of an officer appointed by the 
Minister of Agriculture, any sugar cane plant or any part of sugar cane plants 
of any variety other than the varieties Uba, Ch 64/21, P. 0. J. 2878, and P. 0. J. 
2725 from any place within the restricted area to any other place either within 
that area or outside thereof. 

The expression “ variety Uba ” means any sugar cane plant which has the 
characters of the leaf and stalk of the cane recognized in Natal as Uba and has 
not been raised from seed cane derived from any plot or field which the Govern- 
ment Mycologist has certified to he wholly or in part infected with Mosaic disease. 

The expression " variety Ch 64/21” means any sugar cane plant which has the 
characters of the leaf and stalk of the cane recognized by the Government Myco- 
logist as Ch 64/21 and which has been derived from the seed cane which was im- 
ported from Cuba under the name of Ch 64/21 by the issue of the Plant Importa- 
tion Permit No. 89 of 15th March, 1926. 

The expression “ variety P. 0. J. 2878 ” means any sugar cane plant which 
has the characters of the leaf and stalk of the cane recognized by the Government 
Mycologist as P. 0 . J. 2878 and which has been derived fr om^ seed canes which were 
imported from the Ineomati Estates, Portuguese East Africa, under the name of 
P. 0. J. 2878 by the issue of Plant Importation Permits Nos. D. 585 of 21st 
October 1927 and D 719 of 20th September 1928. 

The expression “ variety P. 0. J. 2725 ” means any sugar cane plant which 
has the characters of leaf and stalk of the cane recognized by the Government 
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Mycologist as P. 0. J. 2725 and which has been derived from the seed canes 
imported from the Department of Agriculture, U. S. A. and from Incomati Estates, 
Portuguese East Africa, under the name of P. 0. J. 2725 by the issue of Plant 
Importation Permits Nos. D 504 of 9th March, 1927, and D 585 of 22nd October 
1927, respectively. 

Pboclamation 290 OF 1930 
Amendments to regulations 

No. 2192 {5th December 1930) 

For the purpose of dealing with the outbreak of Mosaic Disease in sugar cane 
in the areas restricted by Proclamation No. 290 of 1930 the Governor General 
has been pleased, in terms of section twenty -eight of the Agricultural Pests Act, 
1911 (Act No. 11 of 1911) to make the following regulations : — 

Regulations 

1. The regulations published under Government Notice No. 64 of the 14th 
January, 1 927, are hereby repealed as and from the date of the publication of the 
regulations hereunder. 

2. For the purpose of these regulations the expressions ‘‘variety Uba ” 
“variety CH 64/21 ” “ variety P. 0. J. 2878 ’’ and “ variety P. 0. J. 2725 ’’ shall 
be as defined in the Annexure to Proclamation No. 290 of 1930. 

3. From and after the date of publication of these regulations no person shall 
plant or caiisetobeplantedinany area restricted by Proclamation No. 290of 1930, 
which areas are set out in the schedule to these regulations, any sugarcane of a 
variety other than the varieties Uba, CH 64/21, P. 0. J. 2878 and P. 0. J. 2725 
without a written permit from any officer appointed by the Minister of Agriculture. 

4. From and after the date of publication of these regulations no person shall 
keep or cause to be kept in the said area any sugar-cane of a variety other than the 
varieties Uba, CH 64/21, P. 0. J. 2878, and P. 0. J. 2725 without a written permit 
from an officer appointed by the Minister of Agriculture. 

5. Where under sub-section (2) of f^eotion fifteen of Act No. 11 of 1911, the 
Minister specially empowers an officer to take such steps as may be necessary 
for eradicating the disease on any premises, the said officer may require by fourteen 
days’ notice the destruction of sugar-cane of any variety other than Uba and the 
destruction shall be carried out in the manner prescribed in the said notice. 

Schedule 

The following is the area restricted by Proclamation No. 290 of 1930 

The province of Natal and Zululand, excluding the Magisterial Districts 
of Ubombo and Ingwavuma. 

^ No. 809 June, 1933) 

His Excellency the Governor-General has been pleased, in terms of section 
twenty-eight of the Agricultural Pests Act, No. 11 of 1911, to make the following 
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amendments to the regulations published under Government Notice No. 2192 of 
1930, as amended by Government Notice No, 1364 of 1931. 

A . By the cancellation of the amendments published under Government Notice 
No. 1364 of 1931 and the substitution of the following new amendments. 

B. By the cancellation of paragraph 2 and the substitution of the following 
new paragraph : — 

(2) For the purpose of these regulations, the expressions Variety ITba,” 
^'Variety CH 64/21,’’ ^^ Variety P. 0. J. 2878 Variety P. 0. J. 2725 0. J. 

2727 ” P. 0. J. 2714 Co 290 and Co 281 shall be as defined in the 
Annexure to Proclamation No. 290 of 1930 as amended by Proclamation No. 119 
of 1933. 

C. By the addition of the words P. 0. J. 2727 P, 0. J. 2714 Co 290 
Co 281 ” after the words ^‘P. 0. J. 2725 where they appear in paragraphs 3 and 

4. ' 

Extract erom Union Government Gazette No. 2299 oe 27th September 1935 
^ No. 197, 1935, 

Under and by virtue of the powers in me vested by paragraph {d) of section 
fourteen of the Agricultural Pests Act, 1911 (Act No. 11 of 1911) as replaced by 
section two of the Agricultural Pests Amendment Act 1934 (Act No. 15 of 1934) 

I do hereby declare, proclaim and make known that Proclamation No. 290 of 1930, 
as amended by Proclamation No. 119 of 1933 is hereby further amended by the 
addition of the words and also Co 301 ” after the words Co 281,’^ where they 
appear in paragraph 2 of the Annexure to the said Proclamation No. 290 of 1930 
as so amended. 

The expression Co 301 ’’ is defined in the Annexure hereto. 

Ood Save the King, 

Given under my Hand and the Great Seal of the Union of South Africa at 
Pretoria this Twentieth day of September, One thousand Nine hundred and Thirty- 
five. 

J. W. WESSELS, 

Officer Administering the Government. 

By Command of His Excellency the Officer Administering the Government- 
in-Couneil. T). REITZ. 

■Annexure 

The expression '" Co. 301 ” means any sugar cane that has the characters of 
the leaf and stalk of the cane variety recognised by the Government Mycologist 
as Co 301 and that has been derived from the seed canes which were imported from 
the Imperial Sugar Cane Station, Coimbatore, South India, under the name of Co 
39 1 by the issue of Plant Importation Permit No. D. 598 of the 18th October 1930. 

,■■■■■■■■-■■ 474-' 



REVIEW 


VernalizatioE and phasic development of plants. Bulletin No, 17 of the 
Imperial Bureau of Plant Genetics : Herbage plants, and Occasional Publi- 
cation of the Imperial Bureau of Plant Genetics for Crops other than 
Herbage: Joint Publication — ^Aberystwyth and Cambridge, Dec. 1935. 
(Price 10/-). 

The idea of vernalization originated as a result of a new outlook on plant 
growth and development formulated by the Odessa school of plant physiologists 
headed by T. D. Lysenko. Until 1930, it was unknown to wider circles of agri- 
culturists, though since that time it has assumed a very prominent place in agri- 
cultural literature and thought. The general principles of the theory are now 
widely familiar. These are roughly that growth and development, far from being 
identical as has been popularly supposed, are in reaUty two distinct and separate 
phenomena. Growth is regarded merely as increase in size and weight and such 
changes as flowering and reproduction are included under development. Accord- 
ing to the new theory either of these two processes may proceed independently 
of the other, so that we may be faced with the extraordinary case of a plant which 
comes into flower without having grown or a plant which grows for ever without 
ever coming into flower : All that it is necessary to do it would seem, to produce 
such remarkable behaviour, is to treat the plant in such a way that one of the two 
processes is favoured to the exclusion of the other. If seeds of winter wheat are 
germinated in an ice box and subjected to suitable conditions of light, aeration, 
humidity and other factors, they can be sown in spring and will come into ear at 
the same time as if they had been sown in the ordinary way in autumn. Hence 
the term vernalization,’’ which is a Latinized equivalent of the Bussian word 
jarovizacija ” coined by Lysenko to describe the phenomenon and which strictly 
means “ transformation of winter forms into spring 

The matter was first brought to the attention of English-speaking readers by 
a bulletin issued in 1933 by the Imperial Bureaux of Plant Genetics. This early 
bulletin gave a complete outline of the method as it was described in Lysenko’s 
first publications, and consisted mainly in the description of a practical method for 
the pre- sowing treatment of seed to obtain this accelerated development in a va- 
riety of crops. The method was rapidly seen to be of practical importance not 
merely in Russia but in all parts of the world. In view of the wide interest taken 
in the subject the Imperial Bureaux have continued to collect the literature relat- 
ing to it. This has assumed such magnitude and the subject has become so much 
extended in its range that the whole matter has been reviewed afresh in a new 
and much enlarged bulletin covering some 150 pages. 
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VEENALIZATIOISr AND PHASIC DEVELOPMENT OF PLANTS 

This new bulletin describes in detail the results of the many experiments that 
have been carried out on all sorts of crops under every possible condition, both 
in the Soviet Union and in other countries all over the world. The results of ver- 
nalization of over 6,000 varieties of wheat and of 500,000 hectares of vernalized 
sowings, based on replies to a questionnaire received from 1,056 different Soviet 
farms are reported. The results have on the whole been satisfactory when the 
necessary conditions of technique have been observed and it would seem that the 
method may now be definitely regarded as a useful agricultural measure in countries 
where early ripening is a decisive factor in successful cultivation. For instance, 
spinach, sugar beet and even potatoes have by suitable treatment been grown at 
Hibiny in the arctic circle. Cereals have been induced to ripen a week or more 
earlier and by this means it has become possible to extend their cultivation to large 
tracts of country where this has been impossible hitherto because of drought or 
other unfavourable conditions. The main results of the Russian workers have now 
been confirmed in most countries where vernalization has been tried. In 
countries of more normal climatic conditions the method will probably not be of 
such wide application to the main crops but in the ease of salad, vegetable and 
market garden crops a difference of a few day^ may prove of tremendous economic 
importance and a considerable future is foreseen in the application of vernaliza- 
tion to plants of this type. The Russian workers have even claimed to get increased 
yields from vernalized sowings but there seems to be some difference of opinion 
on this point and others have observed a depression in yield after vernalization. 

At least half the bulletin is devoted to the physiological aspect of the pheno- 
menon of vernalization. Lysenko’s original conception has been extended to 
cover the whole range of plant development, in the form of the theory of Phasic 
Development. Development, says Lysenko, consists of a series of stages, each of 
which requires for its completion a definite combination of external conditions. 
The conditions for one phase may be different from those required for others, 
temperature being the decisive factor for the first stage and light for the second. 
Each stage must be completed before the succeeding one can be initiated but once 
any stage has been completed there is nothing to prevent the progress of the fol- 
lowing one, provided the necessary external conditions are forthcoming. The 
method of vernalization therefore consists in the provision at as early a point in 
the life of the plants as possible of the requisite conditions for all the developmental 
stages leading up to reproduction, thus curtailing the long periods of time that nor- 
mally occur between these successive stages. A freshly germinated seed has been 
found to be the most suitable material to work on, as this can be conveniently 
treated before sowing and then sown in the ordinary way. 

Other Soviet botanists, though agreeing with Lysenko’s general findings, dis- 
agree with many of his conclusions and have put forward theories of their own. 
The views of tliese other workers are presented in the bulletin side by side with 
those of Lysenko in a spirit of pure impartiality. In fact a careful study of this 
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bulletin shews that it has dealt with the available information from all possible 
points of view, equally generous treatment being given to the practical application 
of the method in agriculture and horticulture and to its theoretical explanation. 
It will be of interest to plant physiologists, biochemists, plant breeders, teaching 
botanists and indeed to anyone concerned with modern trends of botanical and 
agricultural research, The rapid development in scientific research is one of 
the outstanding features of the Twentieth Century,’’ as Sir David Chadwick aptly 
remarks in his forward ; Research workers need the earliest possible information 
of developments affecting their line of study but frequently find themselves baffled 
by its volume and by linguistic difficulties.” To overcome these difficulties 
the Imperial Agricultural Bureaux were organized in 1929 and the bulletin under 
review affords an admirable example of how these Bureaux fulfil their function. 
The large majority of the articles with which the bulletin deals are written in 
Russian and would have remained entirely unknown to the rest of the world if they 
had not been made available in the present form. A total of over 200 separate 
articles are considered and reviewed in detail and large sections of the tabulated 
results of the authors are reproduced in a review of the work of the whole world 
on this controversial but entrancing new subject. 


RECENT PUBLICATIONS OF THE IMPERIAL 
AGRICULTURAL BUREAUX 


I. Obtainabli! raoM; THE Impebiaii Bueeau op Soil Science, Rothamstbd Expebi 
MENTA u Station, Harpenden, Hebts 

[All Publications are sent post free from the Imperial Bureau of Soil Science^ 

Price 

1. Publications relating to Soils and Fertilizers 

Monthly lists, with brief abstracts of all current papers and pamphlets 
indexed by the Bureau. The papers are classified by subjects, according to 
the Decimal Classification, and the lists are duplicated in a convenient 
form for cutting out the separate entries and filing them in an index, if 
required. 

Price 10a. per annum, post free, separate copies each . • . . la* 

2. Monthly Letters 

These consist of short accounts of outstanding pieces of recent research 
and of matters of general interest connected with the Bureau’s activities. 

They are sent free, within the British Empire, to all recipients of Publica- 
tions relating to Soils and Fertilizers. Outside the Empire, or when sold 
separately, a charge of 4a. per annum is made. 

Separate copies, each . • * • • • • . . 6d. 

3. Publications on Soil Science issued from the E7npire Overseas 

Bibliographical lists, 1933, 1934, each ..*•*. la. 

4. Becent Developments in Soil Analysis 

A quarterly supplement to ‘ Publications Kelating to Soils and Fertili- 
zers,’ containing full description of recently published analytical methods, 
each . , . . . • • . • . . . . €c?. 

5. Lists of Reprints available on loan 


ISfo. 1 • • • • » • • « • • * * la. Gd'* 

Subsequent issues, each JT . . , * ♦ . . 6d. 
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INDIAN JOUR.NAL OP AGRICULTURAL SCIENCE 


[VI, IV 


TI. Obtainable prom the Imperial Bureau op Plant Genetics (por Crops other 
THAN Herbage), Plant Breeding Institute, School of Agriculture, Cam- 
bridge _ . 

Price 

Journal 

Plant Breeding Abstracts , Aimual subscription . . - . • IBs* 

ITT, Obtainable prom the Imperial Bureau op Plant Genetic (Herbage Plants) 
Welsh Plant Breeding Station, Agricultural Buildings, Alexandra 
Eoad, Aberystwyth, Wales 

1. Herbage Abstracts y which appears quarterly, deals with literature from 
all parts of the world on grassland and forage crop research and practice. 

An effort is made to reduce the interval between the appearance of a paper 
and of its abstract to a minimum. 

2. Herbage Eeviews represents the only Journal published in English 
which deals exclusively with grassland and forage crops. Contributions 
and correspondence are welcomed from all investigators on this subject, 
with the reservation that it is to be understood that no scientific paper i epre- 
senting the results of original (not yet published) research can be considered 
for publication. 

Inclusive annual subscription ....... 155. 

Single numbers . . . ^ . . . . . Bs* 



IV. Obtainable prom the Imperial Bureau op Fruit Production, EastMall- 

iNG Research Station, East Malling, Kent 

Journal 

Horticultural Ahstract^^ — A quarterly abstract publication ol current 
he rticultural literature. Vol. IV. Annual Subscription . . 155. 

Single copy , . . . .... . . . 45. 

Technical communicatiofi 

Ho. 6, The Nutrition and Manuring of Soft Fruits, by T. Wallace, 87 
pages (February 1936) . , . . . . . . . 25, 

V. Obtainable prom the Imperial Bureau op Agricultural Parasitology, 

Institute op Agricultural Parasitology, Winches Farm Drive, Hatp eld 
Road, St, Albans, Herts 

Helminthological Abstracts 

Issued in six parts annually by the Journal of Helminthology ; in- 
corporates abstracts, prepared by the Bureau, of original papers on applied 
helminthology. 

Subscription price for Vol. Ill (1934), post free 
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PUBLICATIONS OF IMPEEIAL AGBICULTUBAL BXJBEAUX 

VI. Obtainable fbom the Tmpebial Bureau of Animal Genetics, Institute of 
Animal Genetics, University of Edinburgh, King’s Buildings, West Mains 
Road, Edinburgh 


Journal 

(quarterly), connnencmg April 1933. Annual 
subscription . • . . . • • • • • • 


Price 

15 ^. 


VII. Obtainable from the Imperial Bureau of Animal Health, 

Research Laboratory, New Haw, Weybridgb, Surrey 

Abstracting Journal 

The Veterinary Bulletin : Annual subscription . . . . . 40^.. 

Indexing Publication 

Index Veterinarius : Four issues a year. Annual subscription (postage 
paid) . . . . . . ♦ • • • " . • * 


VITI. Obtainable from the Imperial Bureau of Animal Nutrition, Rowett 



Research Institute, Bucksburn, Aberdeen 
Journal 

Nutrition Abstracts and Reviews : — ^Issued under the direction of the Im- 
perial Agricultural Bureau Council, the Medical Research Council and the 
Reid Library. Subscription per Volume of 4 numbers • • • • 3l5«. 

Per single number . . . . . . . . . . 6^. 

IX. Publications issued by the Imperial Institute of Entomology, 4i, Queen’s^ 

Gate, London, S. W. T 

Bulletin of Entomological Research 

Published quarterly and containing original articles on Economic 
Entomology, issued post-free. Annual subscription (payable in advance) . 30^* 

Review of Applied Entomology 

Consisting of abstracts or reviews of all current literature on Economic 
Entomology throughout the world. Published monthly in two series. 

Series ‘A’ dealing with Insect and other Arthropod pests of cultivated 
plants, forest trees and stored products of animal and vegetable origin. 

Series ‘ B ’ dealing with insects, ticks, etc., conveying disease or otherwise Series 
injurious to man and animals. Issued post-free . . . , . * 

Annual subscription (payable in advance) • • . . . . 305. 155.. 

Vol. XXII (1934) . , 245. 125 
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ggg . PUBUOATIONS OF IMPBEIAL AGEICULTUKAL BUREAUX 

^ Zoological Becord — Part Insecta 

Flic© 

Published annually about July in each year and containing as comp- 
lete a record as possible of the literature of the previous year, chiefly from 
the systematic standpoint. 

Sinnual subscription (including postage) . . . . . * Oof* 

X. Publications issued by the Imperial Mycologioal Institute, Kew, Surrey. 

J oumal 

Revietv of Applied Mycology : Annual subscription, 12 monthly parts, 
with title page and index (post-free) . . , , . , . 2 l 5 , 

Single part . . . . . . . 2,9- 

Title page and index . . * . , . . . 


PUBLICATIONS OF THE IMPERIAL COUNCIL 
OP AGRICULTURAL RESEARCH, INDIA 


1. Agriculture and Live-stock in India 

A bi-monthly Journal of Agricnltii re and Animal Husbandry for the general reader 
interested in Agriculture or Live-stock in India or the Tropics. (Established 1931. Pub- 
lished in January, March, May, July, September and November. Prepayable subscription 
Bs. 6 or 9^. 9d, per amium inclusive of Indian postage. Price per part Rs. 2 or 3^. 6cf. 
inclusive of Indian postage.) Volumes I to V complete are available. 

2 . The Indian Journal of Agricultural Science 

A bi-monthly Scientific Journal of Agriculture and the allied sciences, mainly 
devoted to the publication of the results of original research and field experiments. 
(Established 1931. Published in February, April, June, August, October and December. 
Prepayable subscription Rs. 15 or 245. per annum inclusive of Indian postage. Price per 
part Rs. 3 or 55. 3d. inclusive of Indian postage.) Volumes I to V complete are 
available. 

3. TheIndianJournalof Veterinary Science and Animal Husbandry 

A quarterly J ouriial for the publication of scientific matter relating to the health, 
nutrition and breeding of live-stock. (Established 1931. Published in March, June, 
September and December. Prepayable subscription Rs. 6 or 95 . 9d. inclusive of Indian 
postage. Price per part Rs. 2 or 35. 6d. inclusive of Indian postage.) Volumes I to V 
complete are available. 

4. Scientific Monographs of the Imperial Council of Agricultural Research 

NCAG— SM/l No. 1. The Fungi of India, By E. J. Butler, C.I.E., D.Sc., M.B., 

F. R. S. and G. R. Bisby, Ph.D. (1931). Price Rs. 6-12-0 
or ll5. (As. 8.) 

NCAG — SM/2 No. 2, Life-histories of Indian Microlepidoptera, Second Series: 

Alucitidae (Pterojihoridae, Tortricina and Gelechiadae), 
By T. Bainbrigge Fletcher, R.N., F.L.S., F.E.S., F.Z.S. 
(1932). Price Rs. 3-4-0 or 5s. 6d. (As. 6.) 

NCAG — SM/3 No. 3. The Open Pan System of White-Sugar Manufacture, By R, C* 

Srivastava, B.Sc. (1936. 2nd edition). Price Rs. 3-2-0 or 
55. 6d. (As. 9.) 

NCAG-— SM/4 No. 4. Life-histories of Indian Microlepidoptera : Cosmopterygidae 

to Neopseustidae, By T. Bainbrigge Fletcher, R.N., F.L.S. 
F.E.S., F.Z.S. (1933). Price Rs. 4-8*0 or 75. 6d. (As. 8.) " 
NCAG — SM/6 No. 5. The Bombay Grasses, By E. J. Blatter, S.J., Ph.D., F.L.S. 

and C. McCann, F.L.S. Illustrated by R. K. Bhide. Price 
Rs. 20-12-0 or 325. 6d. 

NCAG — SM/6 No. 6. Helminth Parasites of the Domesticated Animals in India, 

By G. D. Bhalerao, M.Sc. Price Rs. 7-12-0 or 135 . 3d. 
NCAG — SM/7 No. 7. Influence of Manures on the Wilt Disease of Gajanus indicus 

Spreng. and the isolation of Types Resistant to the Disease, 
By VL McRae, M.A., D.Sc.(Edm.), F.L.S. andF. J. F. Shaw, 
D.Sc. (Lond.), A.R,G.S., F.L.S. (1933). Price Rs. 2-4-0 
or 45. 3d. (As. 5.) 
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NCAG — SM/8 NOo 8. The’gilk Industry of Japan with Notes on Observations in the* 

- . United" States of America, England, France and Italy 

^ By C. C. Ghosh, B.A., F.E.S. (1933). Price Rs. 4 or isl 

9d. (Aa. 7.) 

NCAG — SM/9 No. 9. Mechanical Cultivation in India. A History of the Large* 

^ ^ Scale Experiments carried out by Burmah-Shell Oi^ 

Storage and Distributing Company of India, Ltd., B v- 
C. P. G.Wade. Price Rs. 3-14-0 or 65. 6d. 

No. 10. Spotted Boll-worms of Cotton (Earias Fabia Stoll and Erias'- 
Insulana Boisd.) in South Gujarat, Bombay Presidency, 

by B. P. Deshpande, M.Ag. and N. T. Nadkarmny, B.Ag! 

{In ilie Press.) 

5* MiscellaBecus Bulletins of the Imperial Council of Agricultural Research 
NCAG — ^MB/1 No. 1. List of Publications on Indian Entomology, 1930, By the 

Imperial Entomologist, Pusa. Price As. 14 or is. M. 

NCAG — MB/2 No. 2. List of Publications on Indian Entomology (1931), By th®' 

Imperial Entomologist, Pusa. Price As. 8 or lOd. 



NCAG--MB/3 


No. 3. List of Publications on Indian Entomology 1932), By the 
Imperial Entomologist, Pusa. Price As. 12 or Is. 3d, 

No. 4. Host Plant Index of Indo -Ceylonese Coecidae, By S. Rama- 
chandran, L.Ag. and T. V. Ramakrishna Ayvar, B.A 
Ph.D., F.Z.S. Price Re. 1-10 or 2a. 9d, * 

No. 5. List of Publications on Indian Entomology, 1933. Compiled 
by the Officiating Imperial Entomologist, Pusa. Price 
As. 9 or Is, 

NCAG— MB/6 No. 6. Bee-keeping, By C. C. Ghosh, B.A., P.B.S. (3rd Edition) 

Price Ee. 1-14 or 3^ 3d. ' 

No. 7. List of Publications on Indian Entomology 1934, Com- 
piled by the Officiating Impjerial Entomologist and the 
Imperial Entomologist, Pusa. Price Re. 1 or 2s, 

No. 8.~-Selected Clinical Articles, by Messrs. G. K, Sharma and 
R. L. Kaura. Price As. 8 or lOd. 

No. 9, — Statistical Methods and their Application to Agronomy 
A Bibliography By K. K. Guha Roy , B,A. {In the Press). ^ 

No. 10. — ^Diseases of Sugarcane and Methods for their Control, By 
L. S. Subramaniam* {In the Press,) ^ 

No, ll,-~Tables of Standard Errors of Mendelian Ratio, By 
Swam Smgh Purewal and P. Krishna Rao* Price As. 12 or 
Is. 3d. 

No. 12,~-List of Publications on the Botany of Indian Cropsr 
Part II for the period 1928-1932. By R. D. Bose- (In ike- 
Press.) 

6. Annual Report of the Imperial Council of Agricultural Research 
El/31 Aiinual Report of the Imperial Couacil of Agricultural Research fo'‘ 
the years 1929-30 and 1930-31. Price As. 12 or Is. 3d!. 
(Anna!.) 

Annual Report of the Imperial Council of Agricultural Research for' 
the year 1931-32. Price As. 6 or 8d. (As. 2.) 

Annual Report of the Irnperial Council of Agricultural Research for. 
the year 1932-33. Price As. 6 or 8d. 
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NCAR— MB/11 
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NCAG— AR/34 Annual Report of the Imperial Council of Agricultural Researeh 

for the year 1933-34, 

7- Review of Agricultural Operations in India 

RCAG— R.l/29 Review of Agricultural Operations in india, 1928-29. Price Rs, 3-2 

or 5s, M, (As. 8.) 

NCAG—R.1/31 Review of Agricultural Operations in India, 1929-31. Price Rs. 6 

or 85. 3d. (As. 10.) 

Review of Agricultural Operations in India, 1931-33. (In the Fress.) 

8. Proceedings of the Board of Agriculture and Animal Husbandry 
Proceedings of the lirst Meeting of the Animal Husbandry Wing of the Board of 
Agriculture and Animal Husbandry held at Kew Delhi from the 20th to 23rd February 
1933, with Appendices. Price Rs. 6-14-0 or 95 . 6d. 


^ A description of the Imperial Institute of Veterinary Research, Muktesar and 
its sub-station, the Imperial Veterinary Serum Institute, Izatnagar, By F. Ware 
F.R.C.V.S. Price Re. 1-4 or 25 . e> .r , 

The Production of Cigarette Tobacco by Flue-curing, By F. J. F, Shaw, C.LE., 
D.Sc., A.R.C.S., F.L.S. and Kashi Ram. Fusa Bull, No. 187. Reprinted (1935) Price 
Re, 1 or l5. 9d. 


A 

By F. 


Handbook of Statistics for use in Plant Breeding and Agricultural Problems, 
J. F. Shaw, C.I.E., D.Sc., A.E.C.S., I.A.S. (In the Fres^), 


[Copies of the above publications can be had from : — 

In India^-Managei of Publications, Civil Lines, Delhi, 

In Etirope and America — From Public Department (Publications Branch), Ofdce of 
the High Commissioner for India, India House, Aldwych, London, W* C, 2,] 
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I. IlfTEODXTCTOBY 

_ Since B gossypiperda can obtain subsistanee from a variety of plants belons- 
mg to 0 rer thirteen different families [Husain and Trehan, 1933 : Massop 19321 it 
.. oW„, that any enquiry into th. bionomi.t „« ftia White-fly cannot 

thout an appreciation of its activities on its alternative hosts. Moreover 
mtensity of mfestation on cottons depends, besides other factors, on the survival 
of the pest during the season when the cotton crop is not growing and also on 
itsnutia^opulationatthebegi^^^^ 

the possibility of an effective prevention by the ' safe disposal ’ of the lltemativ; 
and'l^RR ^ camot be ignored. Therefore, observations were made during 1932 
It f .T the inmdence of H. gossypiperda on its various host-plants 
lew to determine its preference for any of them and to discover the Native 
mportoce o£ the dhfereut hosts a, sources of mfocHou for the subsequent cotton 

Whi,?fl Central Cotton Committee financed a scheme of research on the 

II. Technique 

inarear*”:: 

eamedoutin the laboratory in 

Migeatioks of the pest 

annuals, and the wild'f^dinta ^rmost/” h^ "a 

nrust o, neeesmty liye on tZ'tZZl P'" 

the cotton fields infested by the White fiv ° t 1^7 its proximity to 

humidity. Another factor, pilaris I f 7 

growth of the plant. Further as stated biff ^^gi^cance, is the stage of 
Metcalf and Flint [1932], Delo^ [1934], H^gr^ Qosff 
others, the radical changes in the comnosition^nf +>, [1934] and 

plants at different periods of growth inlvat • +L 

may be of the greatest importance. Thesf bl Physiological state of the host, 

a^ «,.sonal migrations of B. go miverda Z hoa to 

• m case of soar phmb. as cucurbite, a number leavS^SJ^, ^^^Sn-eSr' 
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STUDIES ON BmiSIA GOSSfPIPmm, 3 §95 

WhateTer may be the cause of these fluctuations in population, this pest has 
been observed to undergo, in general, three phases of migration during the coiirs© 
of a year. ^ 

(1) Migration from cotton to the winter alternative host-plants 

During November when the cotton crop is maturing and the . leaves are 
drying up and shedding, the population of White-fly falls greatly on this plant, 
and its infestation starts on the alternative host-plants such as, rape (Brassica 
napus)j cauliflowers (Brassica oleracea), tuxuiips (Brassica rapa) and potatoes 
(Solanum tuberosum) among the cultivated plants, Sonchus spp., 

Euphorbia spp., m.di Convolvulus arvensis, etc., among the commoner of 
the weeds.*** 

From December onward the number of adults falls considerably but the imma- 
ture stages, viz., eggs and nymphs, remain on these alternative hosts throughout 
the winter (Table 1). 

It will not be out of place to mention that at times the intensity of infestation 
on certain of the host-plants increases sporadically. For instance, during Novem- 
ber and December 1932 the intensity of attack on Solanum tuberosum and Duranta 
plumeri was very high and was much severer than on any of the other host-plants. 
Further, it has also been observed that the intensity of attack may vary, on the 
same host, growing in two different situations in the same locality, in which 
case, probably, the microclimatic factors play an important part. 

The adults commence emerging from about the end of January and multiply 
once again on the winter host-plants such as Brassica napus, Brassica oleracea^ 
Brassica rapa, Raphanus sativus, Sonchus bhoA Euphorbia spp. and Convolvulus 
arvensis. The population thus increases for the future spread of the pest. 

(2) Migration from the winter alternative host-plants to the spring alternative host-^ 

plants 

By the end of March the various cultivated cucurbits, riB>me\jy Cucumis meh ; 
Vitrullus vulgaris ; Cucumis sativus, Lagenaria vulgaris Si>nd Luffa acutanguld^ 
etc., come up and the White-fly migrates from the winter alternative food plants to 
these spring hosts, where rapid multiplication takes place. Besides these, the 
infestation at this stage is also observed on Nicotiana tabacum, Hibiscus esculantus 
and and from April onward the ratoon cottons are also severely 

infested. By the time the infestation has increased on the above-named host* 
plants, in general, the infestation on weeds has fallen considerably. 

It has been observed, that, during April and May the ratoon cottons and the 
cucurbits, in general, and melons in particular, form the most important breeding 

* The pest has also been recorded on various other plants but infestation on these 
is very light. ■■ ■ . ' 
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eentres. Hence, the ratooning of cotton and growing of melons mixed with cotton 

or^close to cotton fields, is likely to lead to a severe White-fly attack to the next 

cotton crop. 

(3) Migration from the spring alternative host-plants to the cottons 

appearance on the new cottons early in May that is 
soon after the crop has germinated, but the attack at that stage isLtremSy low as 
o pared to the other host-plants. From J une, however, partially because of the 

migration from the alternative host.plants, but mostly on account of the rapid mrf 
tipiieationofthe pst.theta^^ of attack increases enormously on felt 
to blhrh^' , cucurbits declines, but continues 

new and ratoon cottons were allowed to grow together in the'^nn.. J 7. 

attack 

BwmgJm, mdoptotle 5th of Jul,lhei„f«rtation waahighor on the „fooo 

cotton«„dafi»rth»tit»aohigho,onthe„ewcrop(T.bleMo«,). 


Host-plants 


Batocm i P eotton 
New 4 E cotton 


Averafe namber of immatnre stages of White-flies per square inch of leaf area 


18-yi 

2e.vi 

6-VII 

IS-VIl 

2o.vn 

SO-VII 

6-ViII 

12-viir 

lO-VIIJ 

26-VTII 

6-8 

6*8 

9-2 

10-2 

16-4 

9*6 

5*7 

8*1 

2-1 

■' ■■ 

.2-7 

6-4 

7-1 

10-2 

19-1 

16-9 

9-7 

4-8 

2-4 

1-6 


^ oftLir Sgt r » 

* ' Cross-inocdlations 

o°H.cted f,o. doSafto 
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the other host-plants, which had been grown under glass chimneys to keei> them 
free of infestation. The following cross-inoculations have been tried successfully 


(A B, gossypi^ 
coileefed from 

Life-cycle completed on 

Cotton 

Cucurbits ; Bonchus arvensis ; AchyrcmiLus asperd, 
Brassica oleracea; Digera arvensis ; CJiaenopodium 
murrale and Raphanus sativus* 

Convolvulus arvensm 

Cotton; Bolanum nigrum; Bonckus arvensis ; Brassica 
oleracea* 

Cucurbits . . , , 

Cotton. 

Althea toseCi, 

Cotton. 

Lycopersicum esculentum 

Cotton ; Achyranthus aspera. 

Ipomea $p, . , . . 

Cotton. 

Brassica oleracea 

Cotton ; Withania somnifera and Brassica rapa. 

Bolanum melongena 

Cotton ; Ghaenopodium murrale. 

Bolanum nigrum . 

Brassica oleracea. 

Bonchtis arvensis . 

Brassica rapa. 

Achyranthm aspera 

Brassica rapa. 

Ratoon cotton 

Raphanus sativus. 


These observations have shown that the plants cited above are the actual 
host-plants of the White -fly of cotton. Further, it has also been noticed that even 
B.gosaypiperda is not so unorthodox as to feed on all and sundry plants. Repeated 
attempts were made to obtain eggs of this White-fly on leaves of chari {Andropogon 
Sorghum)^ but without success. 

V. Host peepbeebce fob ovifosition 

In order to study host preference, observations were made as to the relative 
oviposition on Oossypium i^^pp., AWiea rosea^ Lagenaria vulgaris, Cucumis melo, 
Ijuffa acutaugula and Cucumis sativus from May to July, and on Oossypium spp. 
Emssica mpa, Raphanus sativus, Brassica oleracea, Bolanum melongena, Brassica 
napus, Solarium tuberosum and Lycopersicum esmdeniurn f/om October to "December, 
corresponding to the periods of migration in nature from the spring alternative 
host -plants to cotton and from cotton to the winter host-plants respectively. 
The plants under observation were sown together in small beds and were enclosed, 
soon after germination, in small muslin cages, 2 ft. x 2 ft. x ii ft. For each 
observation about five hundred adults were collected in a glass chimney, which 
was then placed in the middle of the cage. The mouth of the chimney was covered 
over with a cardboard and the adults were allowed to escape through a small 
hole. After twenty-four to forty-eight hours’ exposure, the plants were 
removed and all the leaves examined under a binocular and the eggs laid recorded. 
For comparison, the data were correlated with the leaf area examined. During 
May, relatively more eggs were laid on melons (Oucumis melo) than on cotton, 
but during July, oviposition increased considerably on cottons, var, MoHisoni 
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leading. From October onward, oviposition decreased on cotton and increased 
on Bfcissictt spp., Solfinwni tub&Yosiiin and other alternatire host-plants (Tables III 
and IV) and Fig. 1. 
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X. S^wi4'ig r^ia.tiA}€ ovifio$\Xwn of B. gossi^piperda on coCCon 
U'nd.d^y alC^r-ndhvt . 

VI. Peeioo of severest otestatiok on cotton 


A study of the life -history of B. gosmjpiperda has shown that the duration 
of its life-cycle from April to September is, on an average, about eighteen days. 
The shortest duration of fourteen, days was noticed during August, while the 
longest duration of eighty-eight days in the laboratory, extended from November 
to February. The most favourable period of quick multiplication of the pest,- 
therefore, coincides with the period of germination and growth of the cotton crop. 

To determine the severity of White-fly attack and relative infestation on difier- 
ent varieties of cotton, observations were continued from 1931 to 1933 on six varie- 
ties, namely, Mollisoni, Sanguiuum and Rosea representing (?e5i,^and 4 P, 285 F and 
289 F, representing the American types. For each observation all the leaves on 
individual plants of each type were examined and the White-fly infestation was 
worked out in terms of leaf area. Some striking differences have been observed 
among these varieties regarding the initial attack. To start with, the intensity 
of the White-fly attack is comparatively severer on the desi (indigenous) varieties — 
Mollisoni leading, but from about the middle of August the infestation increases 
relatively on the American varieties. During 1933, however, the intensity of 
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attack, in general, was considerably low, hence the difference in attack on the 
various varieties was not so marked. The data collected with regard to the rela- 
tive infestation on Mollisoni and 4 F varieties are presented in Table V and Fig. 2. 
It has been established that the period of the severest attack on cottons extends 
from June to August, after which the infestation, as a rule, declines abruptly. 



Fig. 2. Eelative infestation of B, gossypiperda on MollisCni and 4 F varieties of 

cotton during 1931-1933. 

VII. SUMMABY 


A study of the seasonal activities of B, gossypiperda shows that there are three 
phases of migration of the pest in the course of a year * (1) from cotton to the 
winter alternative hosts, (2) from there to the spring alternative hosts and (3) from 
the latter back again to cotton. Cucurbits and ratoon cotton have been regarded 
as dangerous sources of infection for the new cotton. Period of quick multiplication 
of the pest coincides with that of germination and growth of the cotton crop. 
Severity of attack on cotton extends from June to August. The attack on ratoon 
cotton continues to be the severest till about the middle of July. Preference for 
oviposition has been observed for certain host-plants during different periods. 
Infestation on weeds during the off-season of cotton has indicated that the pest 
might be checked by practising clean cultivation and removal of weeds. 
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Table II 


Annual circle of the dutrihation of mrious stages of the White-fly on different host-plants 



& 
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Wifhania 

somnifera 

Convolvulus 

arvtnsis 

Euphorbia 

spp. 

^ 

Achyran- 

thus 

aspera 

E,N,) 

S N. 

E, N. 

E,N. 

E.IT* 

N,P.| 

N,P. 

N,P. 

N,P. 

IT.P. 

A,K,P. 

A,IT,P 

A, N, P* 

A, IT. P. 

A. IT, P, 

A,EiK,P. 

A,E,N,P. 

A,B,if, p; 

A. E, K,P. 

A, E, K, P. 

i »» 

» 

)> 

»> 

» 

1 

»> 


»> 

If 

>> 

>» 


>> 

11 

99 

N, V. 

1 

i ... 

>3 

N, P. 

N,P. 

N, P. 

If 

1T,P. 

A,p. 

A.E. 

A,E. 

A, E. 

i A,E. 

A; E. IT* 

A, E. N. 

A,E,2ir. 

A,E,3Sr. 

A, E,IT. 

A; E,N, P. 

A, E, N, p, ; 

A, E, K,P. 

j A, E,IT, P. 

A, E. IT.P. 

Ai E, N, 

A,E,N. 

A,E,K, 

Ia, R.IT. 

A.E, IT* 

A.E,3JT. ' 1 

A, E. N. . 

A, E, N. 

A, E, N. 

A.E.N* 
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Gomparative oviposiUofi 

May I 


Host-plaiita 


Gossifpium i|p. 4 F. 
Gossypium sp. MoiPsoni 
Althea rosea 
Lagenaria viMgaris 
Luff a acuitangula 
Omumis sativus 
Ououmis melo. 


Iveaf I N-o.of 
area j ogga 
SQ.in. laid 


X41-72 1,017 


Leaf 
area 
Stjt. in. 


. li9-63 

5*8 H 3.02 

Jq.x2 
4*2 1 ^ 6.49 

2-8 I 1%.69 

5*3 I ISr-Sg. 
7-1 I 10-79 
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Table III 

B- gossypiporda, on cotton and aUernat ive host-plants growing imder the sam.e cage 

October ] 

lal5r®Sr I Host-plants leaf I No. of Kirffs T.An.r 


fVI. IV 


No. of 
oggs 

laid 

, |3ggs 
laid per 
sq. in. 

f Leaf 
area 
sq. in. 

No. of 

laid 

Eggs 
laid per 
sq.in. 

757 

5*0 

120-34 

974 

8-9 

725 

7-3 

76-71 

847 

11-4 I 

72 

2-7 

7-51 1 

16 

2-1 

669 

4*() 

114 13 

347 I 

' 3-0 

498 

3-7 

73-04 

208 

2-8 

498 

3-1 

123-64 ' 

487 

3-9 

797 

7-S 

107-69 

1 

473 

4-3 


3-0 I Brcmica oUracea 


Lumyersicum esculentum 


October 

— 


] 

November 

1 Doeember 

Leaf 
area 
sq, in. 

No. of 
eggs 
laid 

Eggs 
laid per 
sq. in. 

Leaf 
area 
sq. in. 

No. of 
«ggs 
laid 

Eggs 
Iai<l per 
sq. in. 

Leaf 

area 

sq.in. 

No.of 

eggs 

1 laid 

, Eggs 
laid pet 
sq. in. 

67« 

30 

0-57 

60 • 70 

7 

0-11 

, 81 • 62 

1 

1 , 

0-11 


42 

0-95 

71-83 

56 

0-77 

275-06 

332 

1-20 

149-1 

59 

0 • 32 

235-18 

73 

0-31 

657 -.50 

655 

0-99 

52-31 

113 

2-16 

142-15 

283 

1-99 

369-48 

663 

1*79 

35-33 

16 

0-45 

23-99 

19 

0-8 

14-02 

17 

1*16 





... 

... 

54-24 

178 

3-28 

... 

: 


... 


... 

41-85 

62 * 22 

106 
217 j 

2- 53 

3 - 48 


Showing the ahooe figwes armnn^rl «, „.../ . .. Table IV 

■— of prefer ewe regardi ng the. available leaf area and the density of population 

June . . II 


Host-plants 


(xonsypiim sp. 4 F. 
Oossypium sp. MoIUsoni 
Althea rosea 
Lagenaria vulgaris 
Luffa amtangula 
Cucumis sativus 
Cucumismelo. 


Ill order of la order of Iii rdornf I i — 

.eafarea No. ofe«gs | 


Host -plants 


October 
In orde [r of 1 


November 


Gossypmnsp. 4: Jp 

Bmssica rapa 

Baphanus sativus 
Brassica oleraeea 
Solanum melongena 
Brassica napus 
Solanum tuberosum 
Lycopersicum esculentum 


In order of 
leaf area 

In order of 
No. oi eggs 

IV 

(5) 

HI 

(3) 

I 

( 2 ) 

II 

( 1 ) 

V 

(4) ^ 


December 


In order 01 In order of 
leaf area No. ol eggs 
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Tabi,® V 

Jlelative infestation of B. gossypiperda, on MoUisoni and 4-F varieties of cotton 


Average number of immature stages per square inch of leaf area 


Variety 

Year 

May 

Fortnight 

June 

Fortnight 

July 

Fortnight 

August 

Fortnight 

September 

Fortnight 

October 

Fortnight 

N ovember 

Fortnight 



I 

IX 

I 

II 

I 

II 

I 

II 

I 

II 

I 

ir 

I 

II 

Mollisoni . 

1931 

I- 


12- 3 

14*1 

23*0 

30*9 

27*8 

12*4 

3*2 

1*5 

1*3 

G-6 

0*4 

0*3 

4-F. 


1 ... 


3-3 

0*5 

13*6 

18*7 

19*7 

14*5 

4*3 

2*4 

2*0 

0-9 

0*7 

0-2 

Mollisoni . 

1932 

I- 

10-8 

33*5 

45*5 

49*3 

55*1 

40*4 

11*7 

1*6 

1*1 

0*7 

0*3 

0*5 

0*6 

4-F. 


1.6-1 

6*1 

7-1 

16-1 

22*2 

38*4 

34-3 

14*0 

3*0 

1*0 

0*6 

0*3 

0*2 

0*3 

Mollisoni . 

1933 

I- 


12*8 

11*4 

2*9 

1-7 

0*5 

0*4 

0*3 

0*4 

0*1 

0*1 

0*3 

0‘S 

4-F. . . 


1 ... 


6*1 

2*2 

2*2 

1*3 

0*5 


0*2 

0*2 

0*1 

0*2 

0*1 

0*1 
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Preface 

An investigation of the root-rot disease of cotton in the Punjab was taken in 
band by Dr. R. S. Vasudeva, Assistant Cotton Mycologist, appointed for the pur- 
pose in the Scheme financed by the Indian Central Cotton Committee since 1932. . 

During the first three years of the Scheme, most of the time has been devoted to 
the discovery of causal organisms of the disease. The results definitely establish 
that the disease is caused mainly by two fungal parasites, namely BUwetonia bata- 
tic-ola and Bhizoctonia solani. A paper giving an account of the experimental work 
carried out in this connection leading to definite conclusions with regard 
to the pathogenic nature of the disease was published in this Journal 
(1935). In the present paper, which is in continuation of the previous 
one. is described how the various fungi react with regard to parasitism and growth 
on Afferent media alone and in combination with some non-parasitic fungi that 
, were isolated from the roots of cotton plants affected by the disease. The know- 
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ledge gained on the pathology of the causal organisms of the disease is likely to 
indicate the way in which the parasites bring about injury to the roots of the 
host-plants. 

Jai Chand Luthba, 

Professor of Botany, Punjab A^neultwral 

College, Lyallpur 

I. Fungi studied 

The investigation reported in the paper was carried out with the following 
fungi isolated from the roots of cotton plants affected by the root-rot disease 

1. A fungus provisionally ^called RMzoctonia bataticola. 

2. Ehizoctonia solani. 

3. Strain A of Fusarium solani. 

4. Strain B of Fusarium solani, 

5. A species of Alternaria, 

6. A species of Eelminihosporium. 

7. Fusarium species (15). 

8. Fusarium siyecies {VI), 

Before commencing the work, the purity of the fungi was ensured by taking a 
single hyphal tip in each case, after the method described by Brown [1924] and 
stock cultures were maintained in tubes of potato extract agar. 

II. Media employed 

The following media with or without agar were used : — 

1. Glucose peptone — 

Glucose . . . . . . 

Peptone 

Potassium dihydrogen-phosphate 
Magnesium sulphate . . . . . 

Distilled water ...... 

2. Brown’s synthetic solution. 

3. Potato extract — 

Peeled potatoes . . . ... 

Distilled water to make up . . . v . 

4. fCotton root extract — 

Cotton roots . . . . , . . . 200 grms. 

Distilled water to' make up . . . . , 1,000 c. c. 


10 grms. 

2 „ 

1 grm. 
0-5 „ 
1,000 c. c 


20 grms. 
1,000 c. o. 


It 


*The systematic position of this fxmgus has not yet been exactly determined, 
will be given in a later publication. 

t Cotton roots or leaves were cut into small pieces, covered with distilled water 
and autoclaved at 15 lbs. pressure for one hour and passed through muslin. The extract 
thus obtained was made up to 1,000 c.c, by adding distilled water. 
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5 Cotton leaf extract — 

Cotton leaves . . . • * . . • 200 grins. 

Distilled water to make up . . . . . « 1,000 c. c. 

6. Richards’ agar. 

7* Cotton root S3nit}ietio. 

As the cotton root extract, though quit© suitable for culture of the two 
Rhizoctonidspecies, is liable to vary in composition ; it was thought that if a synthe- 


tic substitute could be found it would prove of great advantage and the results 
would be strictly comparable. In proceeding to evolve such a medium, a start 
was made by analysing chemicallj^ roots of desi cotton (Mollisoni 15). The roots 

belonged to the plants which were about five months old. 
tion of the roots thus analysed is gi ven below : — 

The average composi- 

Moisture, 65*00 per cent. . . Fat 

. 0-37 per cent. 

Protein , 

1 * 45 per cent. 

Dry matter, 35 * 00 per cent. . . H-free extract 

. . 10* 49 per cent. 

Fibre 

. . 21’ 05 per cent. 

Ash 

. . 1*64 per cent. 

As regards the constituent of ash, 1*64 grms. of it contain : — 

FegOg . . . . . 

. 0*02 grm. 

AlgOg . . . 

. 0*02 „ 

CaO . . . ... 

. 0*25 „ 

Mg 0 . . . . . . • 

. 0*06 „ 

MngO^ . - 

. 0*01 „ 

Na^O . . . . . . . . 

. 0*02 , 



. 0*63 „ 

PA ........ 

. 0*08 

S O 4 • • • • • • 

. 0*16 „ 

Insoluble residue . . . . . 

. 0*22 „ 


A decoction of 200 grms. of cotton roots in the litre of water contains the following 
2 • 90 grins, nitrogenous substance, 

0*74 grm. fat. 

20*98 grms. nitrogen-free extract. 

42*10 grms. fibre. 

3*28 grms. ash. 

In preparing the solution, the fat and fibre constituents of the organic part 
were ignored, as were also the sodium and aluminium constituents of the ash. 
The latter two were omitted as there is a strong evidence that these elements in 
general are not essential for fungal growth. 

The remaining constituents of the cotton root extract were then added in the 
following form and proportion. The proportion was calculated to give as closely 
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as possible the constituents and quantities required according to the analytical 
data given above. 

Gllucose .20 grms. 

Peptone .... o.q 

K3 P0. : : : : lo: 

*Ca3{PO,), 0-9 „ 

MgSO^ . . . 0-4 

NaCI 0-6 „ 

A trace. 

Dintilled water to make up . . . . . 1,000 e.c. 

This medium has proved more s uitable for the growth of the two Rhizoctonia 
spp. than the other artificial media employed, as the growth on this synthetic 
medium is comparable and almost identical with that obtained on the decoction 
of the natural host. 

III. Cttltural characters of the two Rhizoctonia spp. 

The fungi were grown on Brown’s agar, Richards’ agar, cotton leaf and root 
extracts, and cotton root synthetic at a temperature of 20°C., 25°C.. SO^C., 35°C., 
40°a and 45°C. , respectively. The plates used were of uniform diameter and into 
each was poured 50 c.c. of the medium in order to maintain uniformity in depth. 
These experiments were run in 


quadruplicate, 


04)2 is very slightly soluble in water and may b© omitted without 
difference in growth. 
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temperature 

Fig. 1. Showing effect of temperature on rate of growth of 5. bataticola &nd 
B. solani on cotton root synthetic agar (3 days’ growth). 

The relation between temperature and linear growth three days after ino- 
culation is shown in Fig. 1 which gives the rate of spread of iJfeorfowia bataticoU 
and BUzoctonia solmi on cotton root synthetic over a series of temperatures. 

Both are fairly fast growing fungi with optimum growth at 30°G. Above 
30°C. there is a fall in the rate of growth and a cessation occurs at 40°C. on all the 
media with the exception of Brown’s agar on which BUzoctonia hataticola exhibited 
slight growth even at 40°C. But no growth occurred at 45°C. even on this 
medium. 

BUzocotonia solani produces plenty of profuse white aerial mycelium which 
turns light brown with age. There are plenty of white aggregations of hyphae 

which later form dark brown hard sclerotia. 
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RJlizoctonia bataticola produces a white colony with plenty of aerial mycelium 
which turns dark grey with age and has numerous tiny dark sclerotial bodies. 
It does not produce pycnidia or spores of any kind. 

IV. Growth behaviour of the pathogene under different conditions of 

NUTRITION 

The growth behaviour of the two spp. was studied on cotton root 

synthetic solutions. The importance of each constituent of the synthetic solution 
was determined by preparing solutions lacking in that constituent. The two 
fungi were grown in 100 c.c. Erlenmeyer flasks containing 30 c.c. of the medium. 
The experiment was carried out in triplicate. 

The flasks were inoculated after sterilizaticn in the usual way with cultures 
of the fungi growing on potato-extract agar. Great care was taken and an ino- 
culum of almost uniform size was introduced into each flask. The hydrogen-ion 
concentrations of uninoculated media were determined by Clark’s method soon 
after sterilization. The dry weight of the fungal mats and the pH values_ of the 
stales were determined after the fungi had grown in cultures for twenty-four days. 
The fungal material was collected on filter papers by means of a Buchner filter, 
dried in an oven, cooled in a calcium chloride desiccator, and weighed. 

The results of the experiment are given in Table I. 

Table I 

Weights of the mycelium of Rhizoctonia bataticola and Rhizoctonia solani and 
pH of filtrates after twenty-four days' growth in various modifications 
of cotton root synthetic 


Rhizoctonia bataticola Rhizoctonia solani 


Medium 

Average 

dry 

weight 

of 

myce- 
lium in 
mg. 

pH of 
un- 

inocula- 

ted 

control 

solution 

pH of 
filtrates 

Average 

dry 

weight 

of 

myce- 
lium in 
mg. 

pH of 
un -ino- 
culated 
control 
solution 

pH of 
filtrates 

Complete cotton root synthetic 

109 

5-6 

6-4 

133 

6*2 

7*2 

Complete medium — glucose . 

20 

8-0 

8-0 i 

11 

7*8 

8*2 

Complete medium — ^peptone . 

7 

5* 4 

5*8 

9 

6*0 

6*4 

Complete medium— K 3 PO 4 . 

80 

5-2 

7.4 

82 

6*0 

8*0 

Complete medium — Cag (PO^lg 

107 

5*4 

7-0 

151 

6*0 

6*8 

Complete medium — ^MgS 04 • 

130 

5'4 

6-8 

93 

5*8 

7*4 

Complete medium— NaCl 

173 

5-4 

6-6 

133 

6*0 

6*8 

Complete me dium — EeClg 

200 

5*4 

6*8 

173 

6*2 

6*8 

Complete medium — both 

K 3 Poland Cag (PO 4 ) a- 

63 

4*8 

6-0 

83 

6*4 

6*0 


( — lacking in). 
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As is clear from the above table, the omission of magnesium and sodium salts 
has little effect on the amount or kind of growth, whereas in the absence of iron 
salts the growth is comparatively better and more luxuriant. When sugar is 
omitted, the vigour of growth is considerably reduced. In the absence of peptone, 
the growth is reduced to a minimum and is in the form of a thin scanty film. Next 
in importance is the phosphate constituent in the absence of which the vigour of 
growth is also reduced. 

Both the Rhizoctonia spp. tend to change the reaction of the medium and in 
all cases reduce the acidity of the solutions. 

V, Effect of different pH concentrations on growth 

For the investigation of influence on growth of media varying in pH value 
from 2-4 to 9-2, the two BUzoctonia spp. were grown on glucose- peptone agar 
prepared with different degrees of acidity and alkalinity by addition of malic acid 
and sodium bicarbonate respectively. This medium is normally acid, 100 c.c. 
requirmg approximately 0-07 grm. of sodium bicarbonate for neutralisation. 
Fifteen moifications of the medium were made up showing a range of acidity 
and alkalinity. The Petri dishes were inoculated in triplicates and the linear 
growth rates measured from day to day. 
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Fig. 2 shows diameters of colonies of Ehizoctonia bataticola and MJmodonia 
solani on media of different pH values. 


1ERCE.NT Mai. 1C AC It/ I ERCtHT 

% Showing diameters of colonies (three days' growth) of Ehizoctonia 
bataticola and Ehizoctonia solani on media of different pH (Medium: 
Glucose-peptone). 
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It is evident from the data obtained that both the fungi have a very wide range 
of toleration to acidity and alkalinity, that is between pH 2*4 and 9 * 2 witii fairly 
good growth between pH 3*2 and 8*5 and optimum near the neutral point. This 
experiment was repeated with cotton root synthetic as basal medium and similar 
results were obtained. 

VI. Effect of carbon dioxide 

The two Rhizoctonia spp. were grown in different coiicentrations of carbon 
dioxide, e,g,y twenty-five, fifty, seventy-five and hundred per cent on Richards; 
agar in quadruplicates. Controls were kept under ordinarjr atmospheric 
conditions. 

The inoculated plates were kept in desiccators which were then sealed. 

The carbon dioxide Avas let into the sealed chambers by creating the required 
amount of vacuum by adjustment of pressure by a manometer. 

The results obtamed by groiving the fungi in normal atmosphere and in vary- 
ing concentrations of carbon dioxide are given in Table II. 

Table II 

Rffect of cafhon dioxide on the growth of Rhizoctonia bataticola and Rhizoctonia 

solani 


Diameter of tlie colonies in centi- 
meters (after 5 days’ grow^th) 


Fungus 


Concentra- 
tion of CO 2 



per cent 

1 

2 

3 

4 

“• 

Average 

Rhizoctonia bataticola 



25 

4-8 

5*2 

5*5 

5*3 

5*20 

Rhizoctonia solani 




1*5 

1*2 

1*6 

1*3 

1*86 

Rhizoctonia bataticola 



50 

2*8 

2* 7 

2*1 

2*4 

2-50 

Rhizoctonia sclani 




0-0 

0*0 

0*0 

. 0*0 

0*00 

Rhizoctonia bataticola 



_ 75: 

0-6 

1 . 0*5 

0*6 

' 0*5 1 

0* 55 

Rhizoctonia solani 




0-0 

' 0*0 

■ 0*0 

0*0 

0* 00 

Rhizoctonia bataticola . 



100 

0-3 

! 0*2 

0*2 

0*2 i 

0*22 

Rhizoctonia solaiii 




0*0 

! 0*0 

0*0 

0*0 

0* 00 

Rhizoctonia bataticola . 



Control 

10*4 

1 10*2 

10-4 

10*6 

10-40 

Rhizoctonia solani 




7*5 . 

• i 

i 7*1 ^ 
1. 

• 7*4' 

7*2 ; 

' 7*27 


Plate numbers 


At fifty per cent concentration of carbon dioxide the growth of Rhizoctonia 
solani altogether ceased Avhereas a slight gi’owth took place in the case of Rhizoc- 
tonia bataticola even at 100 per cent carbon dioxide concentration. At any rate 


marked reduction in groAvth was noticed in both the fungi even at twenty-five 
per cent carbon dioxide concentration. Though the growth is arrested at higher 
concentrations of carbon dioxide, yet the fungi are found to be viable even after 
forty-four days’ exposure to pure carbon dioxide when normal atmospheric 
conditions are restored. 
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In another similar experiment twenty-five per cent and fifty per cent vacuum 
were created in sealed chambers but no carbon dioxide was introduced. 

Here even at fifty per cent vacuum the difference in the amount of growth 
when compared with the controls was slight. This clearly shows that the depressing 
effect shown above, is only due to the introduction of carbon dioxide and not due 
to deficiency of ordinary atmosphere (oxygen). 

VII. Effect of nitbogbn 

The effect c>f the atmosphere of nitrogen on the growth of Rhizoctonia batati- 
cola and Ehizoctonia solam %vas studied by placing the inoculated Petri dishes in 
desiccators in which normal atmosphere had been replaced by nitrogen by the 
pyrogallic acid method. The difference between the rates of growth of the control 
and of those exposed to the atmosphere of nitrogen was very slight. But there 
was a marked difference in the amount of aerial mycelium. In the plates exposed 
to the atmosphere of nitrogen, the growth was tliin, scanty and spreading with 
little aerial mycelium. 

VIII. Thebmal death point 

In order to determine the thermal death point of the two Rhizoctonia spp. a 
suspension of the fungal mycelium w^as prepared in sterile water. Some narrow 
glass tubing which had been drawn into capillary form was cut into pieces two 
inches in length. Then each of these tubes was fused in the middle, thus making 
one inch capillary tubes sealed at one end. These tubes were then dropped into 
the water suspension of the fungal mycelium and exhausted under air pump. By 
this means, the capillary tubes got filled with the suspension. They were then 
placed in beakers of water at various temperatures ranging from 46 to 70^ C. for 
five seconds ; capillary tubes so treated were then broken off at the ends and the 
contents collected on Richards’ agar in Petri dishes. It was observed that 
failed to grow when exposed at 60° 0. for five seconds but 
in the ease of Rhizoctonia bataticola an exposure of five seconds at 68° C. was 
required to kill the fungus. A similar experiment to determine the thermal death 
point of the selerotia of the two Rhizoctonia spp. was carried out but this revealed 
no difference between the thermal death point of the mycelium and the resting 
bodies. 

Capillary tubes filled with a suspension of fungal mycelium of Rhizoctonia 
hataticola and Rhizoctonia solani were exposed to 0°C. The viability tests were 
carried out after exposure from 1 to 120 hours but the fungi were found to be 
•viable, .. 

IX, Effect of mixtubb of organisms on the activity of the two RhizoC ’^ 

tonia SPP. 

In a preceding paper of this series [Vasudeva ; 1935, 1] it was shown that the 
two Rhizoctonia spp. almost always appeared together when isolations were made 
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from the diseased roots of cotton and were the cause of root-rot disease of cotton 
in the Punjab. In addition several strains of Fusariumy a species ot AUernaria 
and Helminihospofium were isolated. 

The effect of the parasitic acti\’ity of the two RMzoctonia spp. when occurring 
singly or in mixtures either with each other or with one of the other organisms 
mentioned was a matter which attracted considerable attention. The two strains 
of Ftisarium which were later identified as those of Fusarium solani, a species of 
AUernaria and Helmifithosporium and in addition two more strains of Fusarium 
did not produce the symptoms of root-rot disease. 

Experiments were carried out with batches of cotton plants of 15 Mollisoni 
and 4 E varieties respectively. 

The general plan of the experiment was to inoculate batches of cotton 
plants as follows : — 

(i) A batch of cotton plants with parasitic fungus alone. 

(ii) A batch of cotton plants with non-parasitic fungus. 

(Hi) A batch of cotton plants with active + inactive fungus. 

(iv) A batch of cotton plants as controls. 

The inoculations were made in a standardized way by exposing the roots and 
adding a unifor m amount of inoculum by weight and covering up by means of the 
sterilized soil. In the case of the controls the fungal inoculum was not introduced. 

In all the four batches uniform conditions were maintained throughout the 
experiment whether carried out in laboratory or in field. 

In some experiments both the active fungi, i.e., the two BMzocfmia spp. were 
introduced together and in others either of them singly was used. 

The results of a typical experiment in which the active organism used was 
Bhizoctonia solani are set out in Table III. 

Table III 


Variation in the parasitic activity of Rhizoctonia solani in the presence of other 

organisms 


Inoculum 

No. 

inoculated 

No. 

wilted 

Percent- 
age of 
mortality 

Bhizoctonia solani . . . , . 

10 

2 

20-00 

Bhizoctonia solani Fusarium solani (A) 

6 

2 

33-33 

Bhizoctonia solani + Fusarium (W) , . 

8 

8 

; 100-00 

Bhizoctonia solani -f Fusarium spv ( 1 7 ) . 

4 

4 

100-00 

Bhizoctonia solani ^Fusarium sol, (B) . 

6 

2 ' 

33 -SB 

Bhizoctonia solani -\-Helminthosporium sp, * . 

6 

3 

50-00 


Duration of the experiment was one week, 
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These are the results of an experiment carried out under controlled laboratory 
conditions. Controls in all cases remained unaffected. Ail the comparisons 
shown above indicate that the parasitic activity of RMzoctoma solani is enhanced 
when it acts in combination with other fungi. 

On repeating the experiment similar results were obtained. These results are 
in contrast with those obtained by Vasudeva f 1930] for Monilia fmctigma and 
Botrytis cinerea on apple, where the activity of the organisms was considerably 
reduced in mixed inoculations. But these are in accordance with Fawcett [1923] 
who obtained increased parasitic activity of Pythiacystis citrophthora in presence 
of a species of a Fusarium in the inoculum and with Vasudeva [1935, 2] who ob- 
served increased parasitic activity of Ehizoctonia solani in the presence of species 
Alternaria and Helminthosporium on turnips. 

When Ehizoctonia bataticola is introduced into the inoculum in* combination 
with the other fungi, i.e., various strains of Fusarium species of Helminthosporium 
and Alternaria, there is no significant difference in the parasitic activity. 

The same tyxje of experiment was repeated using either of the Ehizoctonia 
spp. singly against both of them acting together. The results from six such 
experiments carried out in the laboratory are given in Table IV. 

Table IV 

The parasitic activity of the two Bhizoctonia spp, tvhen parasitising singly and jointly 
under controlled laboratory conditions 


Experi- 

ment 


Inoculum 


I Ehizoctonia solani . 
Ehizoctonia bataticola 
E, solani -\‘E. bataticola 

II Ehizoctonia solani . 
Ehizoctonia bataticola 
E. solani +E, bataticola 

III Ehizoctonia solani . 
Ehizoctonia bataticola 
E, solani ’\~R, bataticola 

IV Ehizoctonia solani , 
Ehizoctonia bataticola 
R, solani -i-E, bataticola 

V Ehizoctonia solani . 
Ehizoctonia bataticola 
E, solani -\-E. bataticola 
VI Ehizoctonia solani . 
Ehizoctonia bataticola 
E. solani-\~E, bataticola 


No. No. Percent- 
inocu- wilted age 
lated morta- 

lity 


Controls 


3 20*00 13, all sound 

5 33*33 

12 100*00 

1 9*09 9? all sound 

11 91*67 

9 100*00 

3 23*08 11, all sound 

' 9 81*82 

9 81*82 

2 18* 18 11, all sound 

1 10*00 

8 66*67 

1 8*33 12, all sound 

12 92*31 
12 100*00 

2 40* 00 5 all sound 

4 100*00 
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The results shown above indicate that the parasitic activity of Ehizoctmia 
wJmi tends to increase when acting in combination with Mhizoctonia batafdcola. 

Increased parasitic activity is also shown by Rhizoctonia bataticola when 
parasitising in combination with Rhizoctonia solani. In the 3rd experiment however, 
its parasitic activity remains unchanged. 

In conclusion I wish to place on record my thanks to Professor Rai Sahib 
Jai Chand Luthra for the keen interest throughout the course of this investigation. 
Thanks are also due to the Agricultural Chemist for the help rendered in carrying 
out the chemical analysis of the cotton roots, 

X. SXJMMARY 

1. A synthetic nutrient medium equivalent to the composition of cotton roots 
has been described. 

2. The dependence of growth upon the most important constituents of the 
nutrient medium has been studied. 

3. Both the Rhizoctonia spp. are fairly fast-growing fungi with optimum 
growth at 30°C. and have a very wide range of toleration to acidity and alkalinity, 
that is between pH 2-4 and 9*2. 

4. Carbon dioxide has a depressing effect on the growth of Rhizoctonia batati- 
cola and Rhizoctonia solani, 

6. Upper thermal death points of Rhizoctonia bataticola and Rhizoctonia 
solani are very high, being 68°C. and 60°C. respectively. 

6. The parasitic activity of Rhizoctonia solani is increased in the presence of 
certain other fungi in the inoculum. 
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Intboduction 

The successful interpretation of field experiments of modern days depends to a 
large extent on the correct estimation of the error due to chance. But agricultural 
experiments are subject to errors due to a multiplicity of causes, and most of them 
are beyond control. The heterogeneity of the soil, the conditions of temperature, 
humidity and rainfall, etc., that vary from year to year are factors beyond man’s 
control. The crops on the border have more simshine, more air and more space 
for growth than those in the interior which have to struggle among themselves 
for a requisite supply of these natural factors for their full development and growth. 
The natural result is that the border crops are usually better than the interior and 
this high yield of the border region increases the mean and the variance. In 
manurial experiments there is always a certain amount of admixture of treatments 
between adjoining plots by leaching. Analyses of results of experiments in 
Europe and America, specially designed, have proved conclusively that size and 
shape of plots exercise a good deal of influence on the error of an experiment. 

Considering the various factors that come into play in the conduct of agri- 
cultural experiments in the field, one cannot help concluding that field experiments 
can never be performed under ideal conditions. Under the circumstances, the 
best thing that can be done is to eliminate as far as possible the error that may 
be introduced due to Imown causes. In designing the plan of a field experiment, 
particular attention may be paid to statistical requirements so as to reduce the 
errors to a practical minimum. 

Another important factor which influences any estimate of error is the 
number of replications. The accuracy of the variance and the mean depends 
on the number of replications used. It has been found that the precision rapidly 
increases as the replications are increased. But after a certain stage, the increase 

( 917 ) 
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in the accuracy is not commensurate with the labour and money snent .n .i, 
increase m repheations. Hence the minimum number- nf on the 

to satisfy the demands of statistics may be determined. ^ required 

Hot much work has been done in India as to the best size of T.int« = •+ .i r 
experiments on sugarcane. In this paper it is proposed to djf 
size of plots and the number of replications reqXed so that .. ^ ^'ntable 

reduced to a practical minimum L experiments on cane 

Review oe liteeature 

It would be difficult indeed tn rArHonr tm+k- j.t 
like this, the vast amount of literature that hasTtead^-)'*”^^^^^ ^ 

last two decades on the size of plots for agricultural accumulated during the 
sugarcane. We are content to Lke Lly ! passffiu ref?®”“f necessarily 
important contributions made by agrSturTi^^^^^ 

India on the subject and the broad conclusions arrivi Z fy Tern. " 

that ffi feffi'tllf how^^^^^^^ nXm "ant clrefl^rm “ 
the plot, but thfreductionlllu^^t thZllZ 

The error can be diminished by increasing th^ above 1/40 acre, 

not much to be gained by increasins the nnmK ^replications, but there is 

his paper on the relation of size, shlpe and numSr^If J m 
field experimentation with the remork tkaf • • “ probable error to 

probably Moeb beyoofZ“ “S" *» V^O aor. 

obtamed by long and narrow plots extending in the d' «^®ute results are 

An mcrease in the number of repheations ^increases'^the 

Variation is reduced when the size of olnf. • accuracy of the result. 

repheations constant. Wood and Stratton 

does not depend on the size of the plot It is ‘hat the probable error 

or 1/80 .or. I. LVtlZT f” V® 

acies of weighing are reduced. But this reduetinn^rt^^^ variation and inaccur- 
due to variation of soil which is greater for b' hy systematic errors 

general discussion on the effect ofsCe^nSr f*" - 

.xp.rtoe„„ tod. .bar a f “ 

According to him there are some nractics/.^ and narrow ones, 

desirable to increase the ^ZTf^^pl!;kffi 

[1934] in his study on the influence eff h£si“ t Thompson 

of repheations on the experimental error on sweT^’ orientation and the number 

eonchisions :-,VariationsLong^^^^^^^ tl^e following 

IS not advisable to suggest that any one plot size would beXmt: leZZhZ. 


FACTORS THAT INFLUEHCE THE ERROR OF FIELD EXPERIMENTS f |9 

Equally satisfactory results may be obtained from plots of different sizes provided 
they are replicated a sufficient number of times. Immer [ 1932] in his investiga* 
tions on size and shape of plots in relation to field experiments with sugar beet 
notices that standard error decreases in general Avith increased size of plot. Effi- 
ciency in use of land also decreases as the size of the plot increases. 
Sayer and Vaidyanathan [19361 recently found with reference to unirrigated 
sugarcane that an experimental plot-size between 12/242 acre and 16/242 acre is 
desirable, that the ratio of length to width of the experimental plot should be 
at least 6 * 7 and that the minimum number of replications required is four. 

Material 

In continuation of the previous years’ experiments with Co. 205 and Co. 213, 
the results of which will be published shortly, under the joint authorship of 
Wynne Sayer and Rao Bahadur M. Vaidyanathan, another experiment was laid 
out with Co. 210 during the year 1933-34. The choice for this particular variety 
was made for the reason that Co. 210 like Co. 213 is recognised as the standard 
variety of cane of North Bihar and grown under unirrigated condition. All 
cane experiments, manurial and cultural, are laid down mostly under this variety 
or Co. 213. 

The present experiment was laid out at the New Area, Pusa ' A ’ Block, on 
an area of six acres. This land is solely devoted to sugarcane experiments and 
forms a separate unit for this purpose. The land is of light nature and represents 
the average soil of the district on which cane is grown for the sugar industry. 
It is farmed on a regular system of crop rotation that has been found suitable for 
cane growing on the type of soil represented in this area. The previous cropphig 
history and the rotation are given below : — 


Year Kharif Babi 

1929- 30 . • . . . • . . Cane . • Cane 

1930- 31 Pulses . . Oats 

1931- 32 . . . . • . . • Maize • . Berseem 

1932- 33 . . Pulses . . Fallow 

1933- 34 . . . . • . . . Cane • • Cane 


The experiment was laid out in six blocks, each separated by a three-feet 
bund. The cane was planted eye to eye in rows three feet apart with six feet of 
the ends doubled on the 20th February, 1933. The standard manure (40 lb. 
nitrogen as rape-cake and 50 lb. P 2 O 5 as superphosphate) which forms the usual 
dressing for all cane crop on the Farm was applied at the time of planting. The 




920 


INMAN JOURNAL OF AGRICULTURAL SCIENCE 


[VI, IV 


■■operation of earthing up the rows was completed just before the|break of monsoon. 
The record of rainfall during the year of the experiment is given below : — 


i . , Febraary, 1933 






0*26 inches 

March 

,, • 






Nih 

’ 1 April 



* 




1,38 ’ „ 

1 , ' May 

,, • 






4*09 „ 

’!/ June 

• 






6-76 „ 

j, . July 

99 * 






21^69 „ 

j j , August 

99 • 






11-36 

III , September 

99 • 






6-46 „ 

.ii 

[ October 

99 • 






1-89 „ 

-ii 

:] . ■ ' November 

99 * 


% 




mi 


December 

99 • 


« ' 




Nil 


January 1934 


• 




0-69 „ 

1 






Total 


63*43 inches 



Average rainfall for twenty years =47 • 00 inches. 

At harvest, the crop was fairly uniform in growth and there was very little 
lodging. 

The cutting of canes was started on the 3rd January, 1934 and it took twenty- 
four days to finish the entire work. It would have been possible to complete the 
work seven days earlier, but the earthquake of the 15th January caused interrup- 
' tion and the work was consequently prolonged. 

Before harvesting for final yields, the border crop with a minirm irn width of 
» six feet was removed from all sides of the six blocks. As a result of this it will be 
seen in the Appendix, an alley was formed between the adjacent blocks. Each 
block measured 240 feet in length and was divided into four equal sections. The 
ultimate plot thus obtained consisted of one row a piece and measured 60 ft. X 
3 ft. or 1/242 acre. The canes from these plots were cut, stripped and weighed 
senarately guardiug against all possible sources of error. The area thus harvested 
after excluding border crop was four acres and consisted of 121 rows of 480 ft. 
in length excluding the alley between the adjacent plots. The number of yield 
figures recorded was 968. 

. Methods employed eor the statistical ak^lysis 

Plot size , — Tables giving the yields for various plot sizes, viz,, 60 ft. x3 ft., 
120 ft. x3 ft., 60 ft. x6 ft.. , — .up to 24/242 acre, were drawn up and the 
coefficient of variation after eliminating the soil variability was'calculated for the 
respective plot sizes. In getting the yield for different areas, care was taken to 
see that the figures from one block were not combined with any of the other blocks. 
, In adopting such a procedure, a few observations from each block for certain 
combmations had to be omitted. 
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The standard error was calculated after eliminating tile error due to rows and 
columns. The method adopted will be clear from the tables of analysis of variance 
given below for plot sizes 60 ft. X3 ft. and 240 ft. x9 ft. 

Table I 


Analysis of variance (60 ft x3 ft) 


Variance due to 

Degrees of 
freedom 

Sum of squares 

Mean square 

Standard 

deviation 

iRiOws ... 

120 

566111*7356 



Columns . 

7 

210908*2843 

• • 

• • 

Residual 

840 

954366*4344 

1136*1505 

33-71 

Total 

j 967 

1731386-4643 

1790*4720 

42*31 


Table II 

Analysis of variance (240 fL X 9 ft.) 


1 

Variance 

due 

to 

i 

Degrees 

of 

freedom | 

Sum of squares 

1 

Mean square 

Standard 

devia- 

tion 

Rows 

38 

5592808*3490 



Columns 

1 

1458097*1599 

• • 

, . 

Residual 

38 

4263415*2151 

112195*1372 

334*96 

Total • 

77 j 

11314320*7240 

146939*2300 

383-33 


Table III gives for each combination the size of plots, the number of rows 
and columns, the mean, the standard deviation and the coefficient of variation 
after eliminating soil variability. In columns 10 and 11 are given the standard 
deviation and the coefficient of variation without any elimination. This will 
enable us to judge the extent to which the error due to soil heterogeneity has 
been eliminated. The approximate number of replications necessary, so that 
the difference between the mean of the sample and the population to which the 
sample belongs is five per cent or ten per cent of the population mean, is also given 
in the last two columns of the table for various plot sizes. The methods adopted 
for determining these have been indicated briefly in the course of the discussion 
of the results. 




ikDlAH. JOtJRl^AL AGEICtJL'rtiilAt SOtlSNCB 


[% rv 



ft, I 10/242 8 22 4 2695 -0795^:28 -5071 267 *42^20 -1676 I 9-9226iO-755S 887*85 12*5358 
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Table V 


Relation between (he shape of plots and coefficient of variation 


Ratio of l©njs:th/width considered 

NTo. of plot sizes 

Average C. V, (for the 




considered 

several plot sizes) 

Between 1 and 2 



8 

10-3227 

Between 2 and 3 



3 

10 -2844 

Between 3 and 5 



8 

10-1304 

Between 5 and 10 



7 

10-0884 

Between 10 and 20 


. ' 1 

9 

10-2266 

Between 20 and 30 



2 

9-8505 

Between 30 and 80 

* 

• 

4 

10-3677 


There seems to be no difference between the coefficient of. variation for the 
various plot-sizes. But, broadly speaking, the coefficient of variation diminishes 
until the ratio of length to width is thirty, and beyond this limit it increases. It 
may be noted that the percentage variation for the class interval 10 — ^20 is 10 * 2266 
which is higher than the preceding and succeeding values. This is due to. the 
inclusion of the coefficient of variation for the area 1/242 acre which is an ab- 
normally high figure. Thus, it can be seen that it is not advisable to increase 
the ratio of length to breadth of experimental plots above thirty. 

The conclusions drawn above are to be taken with a little reserve, for we 
have not so far taken into account the variation of the coefficient of variation 
when both the area and the shape of plot change simultaneously. This can 
be done by making use of Table III. A careful scrutiny of the table indicates 
that the percentage variation diminishes as the ratio of length to breadth is 
increased up to a certain limit, keeping the area constant. Similarly when the 
shape is fixed, the variation can be diminished by increasing the area. 

To fix the best size of plots suited for experiments, it is necessary to take 
into account both the theoretical and the practical aspects. In practice, it is 
not advisable to have either very small plots or plots of considerable size to secure 
efficient cultivation and other agricultural operations. The most feasible thing 
seems to be to strike a golden mean. Any area lying between 9/242 and 15/242 
acre, having the shape so adjusted that the ratio of length to breadth lies any- 
where between five and fifteen, can be taken as the best size and shape' of plots 
for experimental purposes on canes. 

Replications 

A satisfactory way of determining the number of replications necessary 
is by using the Student’s distribution of Z, (where Z is equal to the deviation 
from population mean/the standard deviation of the sample), published in Tables 
for Statisticians and Biometricians, Part I,” page S6. If the deviation, the 
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standard deviation of the sample and the probability are known, then n can 
be read directly from the above table. Assuming the difference between the 
population and sample means to be five per cent or ten per cent of the sample 
mean, then » for odds 30 to i (i.c., for the probability of 0*97 of not exceeding 
the deviation) can be read from the table. Thus for mean=270* 8, standard 
deviation~33*71, and deviation=ten per cent, n works out to 9. 

Summary and conclusions 

1. The yields of Co. 210 from 968 plots of 1/242 acre, each 60 ft. X3 ft., have 
been analysed with a view to determine the following : — 

(i) the best size and shape of plots for experiments on canes, {ii) the 
number of replications required to get satisfactory results. 

2. The analysis shows that the error of field experiments is partly governed 
by size and shape of plots. The percentage variation can be diminished by 
increasing the plot size up to 9/242 or 1/27 acre. Nothing is gained from theo- 
retical aspects by increasing the area beyond 1/27 acre. But for the sake of 
convenience we can have any area between 1/27 and 15/242 or 1/16 acre. As 
regards the shape of plots, the investigations indicate that the error can be dimi- 
nished to a slight extent by increasing the ratio of length to breadth approximately 
up to a limit of thirty. But in practice it is convenient to adjust the size of 
plots in such a way as to have the length five to fifteen times the breadth. 

3. The number of replications required depends on the percentage variation. 
If the coefficient of variation is small, it is necessary to have only a few number 
of repetitions. But if the error is large, it is advisable to repeat the experiment 
a greater number of times. For land of average variability, six to nine replications 
will serve the purpose. 
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Tonnage experiment with Go, 210, 1934, New Area, Block — Pnsa A 


(Each row is 3 feet apart and the cuts are 60 feet. Area of each plot is 180 square 

feet ; yields in pounds.) 




Block I 

Block II 


15 

284 

0 

16 

301 

0 

17 

294 

5 

18 

311* 

5 

19 

325* 

0 


%{ 

SlBil 

3 

iKgtl 


^0*0 

2 

giml 

2i 

36-0 

3 

32*5 

2i 

55*0 

2 

S2*5 

2{ 

55*0 

3 

}5*0 

21 

19*0 

2 

S4-6 


i8*0 

2 


m 


2' 

13*0 

21 

55*5 

Si 


H 


2. 

26-6 



21 

i 

2< 

18*0 

2 

^1 

21 

ShSI 

m 

"SKI 

B 

|ml 

2^ 

10*0 

21 

SBia 

2* 

94-6 

3 


2i 

ami 

2( 

36*5 

2< 

ami 

H 

iiml 

3 

lEml 



2' 

7i*b 

2i 

J5*0 

2' 

75*0 



2i 

36*0 

2i 

}8*0 

2' 

^laiM 

2f 


21 

ami 

2( 

51*0 

2^ 

11*5 

Si 

)8*5 

272*0 

2{ 

)9-0 

2 

53-0 



2^ 

18*5 

3j 

15*0 

K 


2( 


2' 


3] 

nsM 

2' 

78*5 

2i 

31-5 

2' 


H 

IfimI 

2, 

50*0 

2^ 

cBil 

2i 


31 

19*0 

2^ 

54*0 

2^ 

)8-5 

S. 

1ml 

m 

iMM 

2' 

71*0 

21 

)7-0 

288*0 

314*0 

2<! 

t6-5 

2^ 


2i 

33*5 

3] 

[8-0 

25 


21 


2i 

35*5 

3( 

)1*0 

2i 

^0*0 

2-: 

r4-o 

2\ 

31*5 



2^ 


2^ 

r 2 -o 

3( 

)2*0 

2< 


m 

aimi 

i 


2{ 

CTil 

33 

[8*5 

21 

59*5 

2'3 


Si 

)7*0 

2" 

r7*o 

2^ 

14*5 

2^ 

>7*0 

Si 

ggM 

m 

ipaMl 

2( 

>5*5 

31 


3] 

[7*0 

2i 

>4*0 

2' 

>3*0 

1 


m 


2': 

ri*5 


IIMM 

3C 




2^t 

rs-o 

H 

iSml 

32 


32 

8Bm 

2i 

>1*0 


>9*5 

3S 


33 

1*0 

21 

9*0 

2^ 

1:3*0 

3C 

)6*0 

Si 

1MM 

2e 

>1*0 

2'; 

SEI 



32 

51*0 

2? 

SSI 

2^ 

19-5 

m 


3f 

^1 

3C 

>4*0 

2^ 

[6*5 

32 


32 

55*5 

33 

1*0 

2*; 


St 

MM 

33 

[6*5 

22 

>6*5 

m 


32 

.5*0 

3-^ 

^1 

3C 

>4*0 

21 

56* 5 

32 

^1 

St 

^1 

2J 

>9*0 

2t 

)0*5 

32 

55*0 

32 

58*5 

KS 

Smll 

2? 

55*5 

S4 

flMMl 

3] 

IfgM 

3( 

>6*0 

2( 

35 0 


258*0 

234-6 


211-0 
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Block I 



Block 

II 




Bow 

No. 

A 

B 

c 

D 

E 

F 

G 

H 

41 

320- 

0 

305* 

0 

316 

0 

253 

5 

293 

0 

265 

5 

280 

0 

329 

*0 

42 

282* 

0 

255* 

0 

262- 

0 

277 

0 

224 

5 

295 

0 

280 

0 

262 

•0 

43 

304- 

0 

311* 

0 

314- 

5 

279 

0 

254 

5 

291 

0 

249 

0 

286 

•5 




Block 

III 






Block 

IV 




44 

326 

0 

329 

0 

333 

0 

306 

5 

266 

0 

275 

0 

265 

•0 

257 

•0 

45 

269 

0 

257 

0 

295 

6 

312 

0 

273 

0 

246 

0 

248 

*0 

266 

•0 

46 

255 

0 

300 

0 

325 

0 

256 

0 

244 

5 

265 

0 

217 

•0 

244 

*5 

47 

288 

0 

287 

0 

261 

0 

244 

0 

255 

5 

225 

6 

206 

'5 

248 

*0 

48 

284 

5 

281 

0 

272 

0 

258 

5 

244 

0 

247 

5 

224 

5 

299 

•0 

49 

304 

5 

308 

0 

303 

5 

263* 

0 

259 

6 

281 

0 

247 

0 

280 

•0 

50 

295 

5 

286 

0 

325 

0 

267 

0 

254 

0 

253 

5 

238 

0 

260 

*0 

51 

303 

0 

292 

0 

295 

0 

231- 

5 

277 

5 

268 

0 

235 

0 

272 

0 

52 

304 

0 

258 

0 

316 

0 

225- 

0 

261 

5 

270 

5 

238 

0 

283 

‘5 

53 

264 

0 

302 

0 

273 

0 

228- 

0 

250 

0 

262 

0 

222 

0 

296 

0 

54 

309 

0 

274 

5 

306 

5 

235* 

0 

242 

0 

255 

0 

225 

0 

256 

0 

55 

297 

0 

303 

0 

328 

5 

276^ 

0 

232 

0 

257 

0 

266 

5 

248 

0 

56 

296 

0 

294 

5 

329 

5 

237' 

5 

225 

5 

238 

0 

242 

0 

240 

0 

57 

319 

0 

296 

5 

311 

0 

256 

0 

234 

0 

249 

0 

261 

0 

241 

0 

58 

310 

0 

270 

0 

325 

0 

262 

5 

245 

5 

252 

5 

238 

5 

260 

0 

59 

294 

0 

310 

0 

283 

0 

283 

5 

236 

5 

239 

0 

241* 

0 

231 

0 

60 

295 

0 

278 

0 

280 

0 

300 

0 

267 

0 

254 

5 

242 

0 

241 

0 

61 

296 

0 

304 

5 

329 

5 

294 

5 

250 

0 

233 

0 

221 

0 

239 

5 

62 

293 

0 

315 

0 

288 

5 

316- 

0 

271 

0 

241 

0 

237* 

5 

292 

0 

63 

292 

0 

296 

0 

276 

0 

313- 

0 

245 

0 

300 

0 

267* 

5 

300 

6 

64 

347 

0 

312 

5 

276 

5 

285- 

0 

230 

0 

289 

0 

255* 

5 

264* 

0 

65 

262 

0 

298 

5 

262 

0 

300* 

0 

255 

0 

275 

5 

256* 

0 

237* 

0 

66 

323 

5 

354 

5 

266 

5 

309- 

5 

289 

0 

299 

0 

246* 

0 

277* 

0 

67 

291 

0 

279 

0 

287 

0 

253* 

0 

281 

5 

198 

0 

214* 

0 

281* 

0 

68 

306 

5 

294 

0 

324 

5 

344- 

0 

291 

0 

240 

0 

255* 

5 

267* 

0 

69 

353 

0 

298 

0 

287 

0 

365- 

5 

304 

5 

267 

0 

276* 

0 

289* 

0 

70 

280 

0 

262 

5 

278 

0 

378- 

5 

339 

5 

278 

0 

262* 

5 

335* 

0 

71 

196 

0 

294 

0 

304 

0 

316* 

5 

299 

5 

212 

0 

265* 

0 

276* 

0 

72 

302 

0 

333 

0 

269 

5 

354* 

0 

328 

0 

303 

0 

247* 

5 

280* 

0 

73 

314 

0 

332 

5 

284 

0 

356* 

5 

311 

0 

286 

5 

227* 

5 

269* 

0 

74 

336 

0 

404 

5 

350 

5 

350* 

0 

306 

5 

307 

5 

226* 

5 

251* 

0 

75 

320 

0 

371 

5 

334 

0 

383* 

0 

325 

5 

285 

0 

256* 

5 

256* 

0 

76 

296 

0 

333 

0 

381 

5 

351* 

0 

272 

0 

291 

0 

260* 

5 

227* 

0 

77 

324 

5' 

311 

0 

355 

5 

316* 

5 

296 

0 

328 

0 

259* 

0 

312* 

5 

78 

302 

5 

336 

0 

284 

0 

279* 

0 

298 

0 

327 

0 

243* 

0 

241* 

0 

79 

314 

5 

317 

5 

261 

0 

323* 

0 

296 

5 

289 

5 

239* 

0 

222* 

0 

, 80 

290 

0 

366 

5 

262 

0 

359* 

0 

330 

0 

365 

0 

257* 

0 

249* 

0 

81 

360 

0 

313 

5 

310 

5 

i 380* 

0 

262 

5 

360 

5 

263* 

5 

228* 

0 

82 

352 

0 

371 

0 

304 

0 

380* 

0 

: 310 

0 

387 

0 

277* 

0 

254* 

0 

83 

345 

0 

342 

5 

309 

0 ' 

347* 

0 

341 

5 

354 

0 

288* 

5 

260* 

5 

84 

347 

0 

404 

0 

263 

0 

299* 

0 

296 

0 

291 

5 

292* 

0 

287* 

0 

85 

327 

‘0 

367 

0 

292 

0 

376* 

0 

357 

5 

405 

0 

288* 

5 

304* 

0 

86 

286 

'5 

361 

■0 

332 

■0 

369' 

0 

327 

0 

348 

0 

308' 

0 

317* 

5 

87 

293 

'0 

320 

•0 

306 

•5 

299- 

5 

332 

5 

294 

0 

269* 

0 

274- 

5 
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Block V 

Block VI 

No . 

A 

\ 

C 

D 

E 

E 

G 

H 

88 

250*0 

277*0 

308*5 

241*0 

247*5 

303-6 

233 * 0 

286*0 

89 

221 0 

232*5 

277*5 

317-5 

296*0 

327-5 

279-0 

297*5 

90 

186-0 

245-0 

306*0 

280*0 

278*0 

279*5 

247*0 

282*0 

91 

155-6 

205*0 

243*0 

261*0 

240*0 

307-0 

227-0 

274*5 

92 

250*5 

1 200-0 

243*5 

271*0 

269-6 

1 274-0 

218*0 

291*0 

93 

206-0 

! 220*5 

276*5 

282*5 

286*5 

290*0 

226*0 

261*5 

94 

267-0 

232*5 

275*5 

255*5 

291-5 

297-0 

247*0 

297*5 

95 

211-0 

210*5 

267*0 

279-0 

289*5 

282*5 

268-6 

254*0 

96 

176-0 

; 186*0 

262*0 

285*0 

273*5 

278*5 

234-6 

255*0 

97 

175*5 

183-0 

220*5 

272*0 

257*0 

255-6 

226*0 

225*0 

98 

214-5 

188-0 

239*0 

254*5 

273-0 

235-6 

227 * 0 

248*5 

99 

186-0 

160 * 0 

214*0 

269*0 

263*0 

269-6 

213*0 

268*5 

100 

188*5 

164*0 

206*5 

251*5 

250*0 

268-0 

258*0 

262*0 

101 

181*5 

165*5 

223*5 

301*0 

230*0 

282*5 

245*0 

235 * 0 

102 

191-0 

186*0 

207*0 

259*0 

257*0 

292-6 

262*5 

208*0 

103 

191-5 

182*0 

221*0 

230*0 

230*0 

273-0 

256*5 

243*0 

104 

188*5 

189*5 

211*5 

249*0 

266*5 

276*0 

243*0 

301*5 

105 

194 * 5 

204*0 

201*0 

234*0 

227*0 

281*0 

224*0 

287*0 

106 

233*5 

222*5 

191*0 

236*0 

235*0 

262*5 

234 * 5 

295*0 

107 

203*5 

210*0 

219*0 

236*5 

266*0 

264*0 

271*0 

298*5 

108 

232 * 5 

236*0 

186*0 

210*5 

235*0 

300*0 

225*0 

266 * 0 

109 

203*5 

216*5 

215*0 

228*5 

266*5 

312*0 

251 * 0 

322 * 5 

110 j 

202*0 

222*0 

206*0 

255*5 

227*5 

324*5 

212*5 

247 * 0 

111 

206*0 

198*5 

189*0 

258*5 

258*5 

275*5 

216*0 

264*5 

112 

192 * 5 

219*0 

218*0 

343*0 

241*0 

283*5 

249*5 

260*0 

113 

226*5 

270*5 

231*0 

327*5 

252*0 

283*0 

, 277*0 

285*0 

114 

174*5 

210*0 

246*5 

343*0 

289*5 

276*0 

204*0 

270*5 

115 

201*5 

212*0 

195*0 

310*5 

. 361 -O 

313*0 

231*5 

301*5 

116 

216*0 

262*5 

225*5 

274*0 

407*0 

303*5 

208*5 

234 * 5 

117 

182 * 5 

231*5 

227*5 

312*0 

315*0 

322*0 

219*0 

279*0 

118 

212 * 5 

259*5 

219*0 

244*0 

317*0 

273*0 

223*5 

265 * 5 

119 

204 * 0 

255*0 

245*0 

272*5 

266*5 

211*0 

240*0 

271*5 

120 

244 ’ 0 

222*5 

239*0 

259*5 

211*5 

212*5 

237*5 

255*5 

121 

222 * 0 

255*5 

271*5 

311*0 

i 

■ 243*0 

244*0 

244*5 

319*0 
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I, Introduction 

The total amount of annual precipitation and its distribution largely 
determines the extent to which rice is cultivated in India. Wherever the 
rainfall is abundant and fairly uniform in distribution, rice is a crop of primary 
importance, but in areas such as the Punjab and the Western United Provinces 
where the monsoon is less bountiful and reliable, rice cultivation is relatively 
unimportant. Of the total paddy area in British India, Punjab and the 
Western United Provinces together claim a Uttle over two per cent. The 
distribution of this is given in Table I. 
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Table I 

Area under rice in the districts of the Punjab, WSS-S4 


District 


Area 


Hissar 








. 

7,775 ' 

Robtak 








455 

Gurgaon 








18 

Kamal * 








66,350 

Ambala * . 








57,684 

Simla 








1,051 

Kangra *** . 








116,500 

Hosbiarpore * 








35,024 

Jullundur . 








2,091 

Ludhiana . 








1,281 

Ferozepore 








24,186 

Lahore 








31,978 

Amritsar 

» 







■34,768 

Gurdaspur * 

• 







75,506 

Gujranwala * 








164,758 

Sheikhupura * 








142,794 

Gujrat . « 








20,235 

Shahpur 








6,866 

Jhelum 


« 






1,134 

Rawalpindi. 








995 

Attock 








14 ' 

Mianwaii 








1 

Montgomery 








28,109 

Lyallpur 








2,506 

Jhung 








2,270 

Multan 








32,897 

Muzaffargarh 








37,188 

Dera Ghazi Khan * 

m 







69,960 

Siaikot * • , 

0 

• 


♦ 

• 



71,392 


Area under rice in some districts of the United Provinces , 19ZZ-Z4 


District 


Dehra Dun 
Saliaranpore ^ 
MtizafEamagar * 
Meerut 
Bulandshalir 
Bareilly * 
Bijnor * 

Badaun 
Moradabad 
Pilibhit * 
Aligarh 
Muttra 
Agra 
Mainpiiri 
Etah , - 


Area 


24,898 

106,594 

36,610 

17,830 

2,230 

161,235 

153,689 

39,378 

119,154 

121,426 

1,625 

10 

25 

26,130 

11,377 
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It is only in the districts marked ^ that the cultivation of rice is somewhat 
important. The staple food of the people in these and other districts in the 
area under consideration, as a whole, is wheat, and rice forms a regular article of 
diet only in the case of upper classes. 

The climatic conditions prevailing in these parts do not favour the successful 
growth of winter or long duration paddy varieties. In contrast, therefore, to 
the case of Bengal and Bihar, early maturing types are almost invariably grown, 
the crop being harvested before the onset of cold weather, i.e., about the end of 
October, and the land then sown with a Bati crop. 

It will thus be seen that the rice types evolved at Karnal are very diiFerent 
from those classified at Piisa. It is in this respect that the paddy classification 
described in these pages, differs from the original one. Although the basis of 
the classification evolved by the senior author remains the same and has been 
adhered to in entirety, the inclusion of autumn paddy types forms an important 
supplementary work. Besides, it proves the applicability of the Pusa scheme 
of classification of rices, to a group of paddy types which are quite distinct from 
those worked on at Pusa. 

II. Mateeial anb method 

One hundred and fifty<?seven paddy samples were collected from the im- 
portant rice-growing districts of the Punjab and the. Western United Provinces. 
The types isolated in the United Provinces by Sethi [1931] were also kindly 
supplied by him, but with the exception of a few samples from Dehra Dun, 
these proved to be late and unsuitable for Karnal conditions. 

After eliminating duplicates, forty- one distinct types were isolated from the 
original collection of 157 kinds. Since the present work is a continuation of 
that commenced by the senior author at. Pusa, where 123 strains were isolated 
and described [Kashi Ram and 'Chetty, 1934], the types described in the 
present paper are numbered from 124 to 164. The localities whence the latter 
were obtained are enumerated in Table II. 

Table II 


Types isolated from several districts of the Punjab and the United Provinces 


Districts 

Types isolated 

The Punjab — 

Ambala . . . . * . • . . 

Ferozepore • , . , .. , . , 

Gujrat ♦ . * . • . ' , , . , ' 

- 'J 

143, 145, 155 

, 139, 151 

136, 141, 159 
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Disfricts 

Types isolated 

' , . . Hissar 



128, 133, 157, 158, 161 

Karnal ... 

• 

* 

124, 126, 129, 130, 132, 134, 144, 
147, 148, 160, 152. 163, 164, 162, 
164 

Muzaffargarh 

• 

• 

' 142 

Sheikh up ur a . 

* 


125, 127, 131, 135, 137, 138, 140, 
146, 166, 160, 163 

United PrOmnces — 




Dehra Dun . 

• 

‘ • t 

149 


III. Liteb-atitre 


The multiplicity of rice varieties and the high degree of physiological adap- 
tation displayed by the paddy plant are probably responsible for the lack of 
uniformity in methods of classification. Kikkawa [ 1912 ], Hector [ 1916, 
1922, 1929 ], Graham [ 1913 ], Thadani and Datta [ 1928 ], Sethi and Saxena 
[ 1930 ], etc., have all made contributions to the classification of rices ; these 
will rot be discussed here as they have been recently reviewed [ Kashi Ram 
and Chetty, 1934 ]. It may be said, however, that two distinct kinds of 
classificatory schemes have emerged ; those based on morphological characters 
and those based on both morphological and agricultural characters. Thus 
Koernicke [ 1885] used the character of the grain for separating the glutinous 
rices from the common starchy ones. Kikkawa [ 1912 ] employed both 
morphological and agricultural characters for sorting out the different varieties. 
On the other hand, Hector [ 1930] pointed out that the so-called Aus 
—High Land rice, Aus — Low Land rice, .dwan— transplanted rice and Aman — 
Low Land rice ” are dhficult to distinguish from each other morphologically, 
and yet are clearly different as regards their requirements of water, etc. But 
in Graham’s opinion |Graham, 1913] the agricultural characters are less 
constant than the morphological ones and therefore not sufficiently dependable 
for use as bases of classification. He mentions that while early, medium, 
and late rices from Jubbulpore matured, on the average, in 113, 120 and 
128 days respectively, rices of the same classes from Raipur matured in 124, 
127 and. 138 days respectively. 

In the present paper, .the scheme of classification, based on morphological 
characters, evolved at Pusa [ Kashi Ram and Chetty, 1934 ] has been adhered to. 
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IV. Bases of cIiASSifioation 

The Pnsa classification referred to in the last paragraph of Section III is 
based on morphological characters, such as the constitution of the rice kernel, 
presence or absence of clustering in spikelets, length of the outer glumes, and 
the presence or absence of elongated internodes with aerial roots. After these, 
the colour of the inner glumes was chosen as the most reliable criterion. Further- 
more the inner glumes exhibit a wide range of easily distinguished colours in 
different varieties and hence afford a ready means of discrimination. There- 
after the colour of the apiculus, outer glumes, kernel, and internode was used, 
and finally the grain size and shape, which are the most constant of the quant{« 
tative characters, were used in separating the ultimate classes. 


V. Key to the 

Starchy rice 
Single grained 
Short outer glumes 
Solitary spikelets 
Short internode 
Inner glume- — straw 
Apiculus — colourless 
Outer glumes — white 
Kernel — white 
Internode — green 
Grain size — Ilb Slender 
Medium 

IIc Very slender 
Medium 
IIIc Slender 


Api cul us — brown 
Outer glumes — white. 

Kernel — white 
Internode — green 
Grain size — lib Bold 

Medium 

Outer gulmes — brown 
Kernel — white 
Internode — green 
Grain size — lie Medium 
IIIc Medium 

Apiculus — purple (restricted) 


CLASSIFICATION 


124 Beardless, stigma — white 

125 Beardless, stigma — light purple. 

126 Bearded, stigma — flight purple, 

127 Beardless, stigma — ^white, 

128 Beardless, scented, 

129 Tipped. 

130 Tipped later than 129. 

131 Beardless, narrow leafed. 


132 Tipped. • 

133 Bearded. 


134 Beardless, later than 135. 

135 Tipped. 

136 Bearded. 
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Outer glumes — white 
Kernel — white 
Internode — ^green 
Grain size — He Slender 
Kernel — light red 
Internode — green 
Grain size — Ilb Medium 
IIIc Slender 

Apiculus—purple (spread) 
Outer glumes — purple 
Kernel — white 
Internode — green 
Grain size— Ilb Medium 
IIIc Medium 
Bold 

Inner glumes— olive uniform 
Apiculus— brown 
Outer glumes — white 
Kernel — white 
Internode — ^green 
Grain size — lie Slender 
Bold 

IIIc Slender 

Kernel — red 
Interiiode— -green 
Grain size— Ilb Medium 
Apiculus— brown 
Outer glumes — ^white 
Kernel — white 
Internode — green 
Grain size — lie Slender 
IIIc Medium 
Outer glumes— purple 
Kernel — white 
Internode— light gold 
Grain size— Ilb Medium 
Apiculus— purple 
Outer glumes— purple 
Kernel — white 
Internode — ^green 
Grain size — Ilb Medium 
Bold 


137 Leaf sheath purple. 


138 Beardless. 

139 Beardless. 


140 Bearded, stigma white. 

141 Bearded, stigma light purple. 

142 Bearded. 


143 Beardless, scented. 

144 Bearded. 

145 Beardless. 


146 Tipped. 


147 Beardless. 

148 Tipped. 


140 Beardless, dwarf. 


150 Beardless, 

151 Tipped. 
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Inner glumes— -olive furrowed on green base 
Apicnlus — colourless 
Outer glumes — ^wbite 
Kernel— white 
Internode — green 

Grain size— Ilb Bold 152 Beardless. 

Kernel — red 
Internode — green 

Grain size- — lie Medium 153 Beardless. 
Inner glumes — brown 
Apicnlus — brown 
Outer glumes — brown 
Kernel — ^white 
Internode — green 
Grain size — lie Slender 
Medium 


\yt iv 


154 Beardless. 

155 Tipped. 

156 Bearded. 

157 Tipped. 


IIIc Medium 
Inner glumes — ^gold 
Apicnlus — colourless 
Outer glumes — white 
Kernel— white 
Internode— gold 

Grain size— lib Medium 158 Tipped. 

Slender 150 Beardless. 

Kernel — light red 
Internode— gold 

Grain size— lib Medium 160 

lie Slender 161 

Inner glumes- — dark gold 
Apicnlus — colourless 
Outer glumes — white 
Kernel— white 
Internode — gold 

Grain size — ^Ilb Medium 162 Beardless. 

Tic Medium 163 Beardless. 

164 Bearded. 

VI. SUMMABY 

1, Forty -one types have been isolated from a collection of samples from the 
important rice-growing districts of the tract under consideration. As late 
varieties were unsuited to the conditions prevailing at Karnal, the work was 
limited to the autumn rices. 
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2. The classifications of previous investigators are briefly referred to. The 
classification of Eashi Ram and Ohetty [ 1934 ] is followed in this paper. 

3. A key to the classification is given. 

The authors desire to acknowledge the assistance given by Dr. B. P. Pal, 
Second Economic Botanist, Pusa, in the preparation of this paper. They are 
also indebted to Mr. Habibur Rahman Khan, Pieldman, for helping in the field 
observations. 
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(With Plate LIII and one text-figure) | 

In the varietal collections of sorghum at the Millets Breeding Station, Coimba- ! 

tore, there is a small group represented by a variety called Sahhara gulige jonna 
(Sugar Pill Sorghum) which comes from the district of Bellary in the Madras 
Presidency. This sorghum has its grains “ dimpled This dimple is in the 
nature of a depression towards the top of the grain, and is easily visible where it 
occurs. The sorghum grain is asymmetrical m the disposition of its endosperm, 
there being a bump on the side away from the embryo. This bump is towards the t 

outermost glume. The dimple when it occurs is on the bumpy side, and always 
away from the embryo. The dimple can occur in grains having either a floury or 
corneous endosperm. When the grains are cut there is always a ama.11 hollow 
(varying in its size) immediately behind the dimple. 

Plants having this type of grains are not usually vigorous. In the Bellary 
district, varieties with this type of grain are not grown on an extensive scale, 
but select cultivators treasure this variety and grow it in small patches to give I 

them the soft and tasty grains that are consumed in the dough stage. But for this 
careful preservation, these delicate varieties which are probably mutational in i 

origin, would not have survived. i 

White, yellow and red types were collected from the Bellary tract. By i 

crossing with a brown-grained variety, a dimpled brown type was fixed. Subse- 
quent to this similar dimpled types have been obtained from Bombay and the 
Central Provinces. This dimpling occurre d in both pearly and chalky grains 

* Paper read before tbe Agricultural Section of the Twenty-third Session of the Indian” 

Science Congress, Indore, January 1936. 
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[Rangaswami Ayyangar et al,, 1934]. Spotted as these peculiar varieties were in 
an area predominantly Sorghum cernuum Host in distribution, the important types 
partake of cernuum characteristics. For the sake of easy Identification and future 
work on this characteristic type of grain, this variety has been designated /S. 
cernuum Host var. areolatus Rangaswami. 

An examination was made of the manifestation of this dimpling on the ear- 
head in pure varieties. Taking all degrees of dimpling into consideration, dimpling 
may be said to occur in practically every grain, the maximum number of grains 
that did not show the dimpling being less than ten per cent. As will be explained 
later, this ten per cent could be accounted for as resulting partly from crosses 
occurring in nature and partly owing to the difficulty of spotting minute dimples. 

The progress of dimpling was watched in thirty-three ear-heads of six differ- 
ing varieties. It takes forty to forty-five days for a grain to ripen from the time 
of pollination. Young grains in the early milky stage begin to manifest dimpling 
even when they are twelve days old. In another fifteen days dimpling ceases. 
It is at the stage when dimpling is nearing completion that the grains are most 
prized for eating. 

Crosses (reciprocal) were made between dimpled and normal (non-dimpled) 
grain types. In all cases where the non-dimpled grain type was used as the 
mother parent, the crossed grains were also non-dimpled. In the reciprocal 
crosses with the dimpled grain type as the mother parent, all the crossed grains 
were non-dimpled. 

First generation plants were raised from these crosses. It was noted that the 
grains in the ear-heads raised, consisted of a mixture of both dimpled and non- 
dimpled grains. Counts taken in for ty-nine hybrid ear-heads are presented in 
Table I. 


Table I 

OounU of dimpled and non-dimpled grains in hybrid ear-heads from eight artificial 

crosses 


Head No. 

No. of 

Non-dimpled ^ 

grains 

Dimpled 

Percentage of 
dimpled grains 

1 

2159 

716 

24*9 

2 

911 

284 

24*0 

3 

1268 

401 

24*0 

4 

3037 

916 

23*2 

5 

1087 

318 

23-0 

6 

1706 

510 

23*0 
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Head No. 

No. of grains 

Percentage of 
dimpled grains 

Non-dimpled 

Dimpled 

7 

1934 

669 

22-7 

8 

2110 

613 

22-6 

9 

2029 

582 

22' 3 

10 

2683 

770 

22-3 

11 

2019 

578 

22-2 

12 

1468 

416 

22-1 

13 

1623 

460 

22-1 

14 

1195 

337 

22-0 

15 

1648 

464 

22-0 

16 

2085 

590 

22-0 

17 

2933 

822 

21-9 

18 

2285 

636 

21-8 

19 

1716 

471 

21-5 

20 

2211 

597 

21-3 

21 

2736 

733 

21- 1 

22 

1579 

425 

21-0 

23 

2397 

635 

20-9 

24 

1738 

458 

20-9 

25 

2392 

628 

20-8 

26 

2530 

655 

20-6 

27 

2833 

732 

20* 5 

28 

1617 

, 415 

20*4 

29 

1910 

487 

20*3 

30 

2193 

553 

20*1 

31 

1464 

378 

20*0 

32 

1971 

489 

19*9 

33 

2340 

573 

19*7 

34 

2081 

509 

19*7 

35 

1497 

366 

19*7 

36 

1504 

366 

19*6 

37 

2240 

542 

19*5 

38 

2190 

532 

19*5 

39 

2353 

572 

19*5 

40 

1332 

322 

19*5 

41 

2440 

589 

19*4 

42 

1466 

351 

19*3 

43 

1638 

385 

19*0 

44 

1944 

457 

19*0 

45 

2093 

488 

18*9 

46 

2931 

682 

18*9 

47 

2629 

606 

18*7 

48 

2609 

597 

18*6 

49 

2956 

675 

18*6 

Total 

I 99710 

26250 

20*8 
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Fig. 1. Top : Non-dimpled and Dimpled grains— 

(Front view). 

Bottom : Non-dimpled and Dimpled grains— 
(Side view, in section). 



IiG. 3. Starch grains — Non-dimpled seed. 



Fig. 2. Pollen dimorphism— Deep and light stained 
grains from hybrid earhead. 



Fig, 4. Starch grains— Dimpled seed. 
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The above numbers give an approximate 3 : 1 ratio, the non-dlmpled grains 
being in excess. A practical difficulty is experienced in the sorting of the grains 
which might possibly explain the shortage in the dimpled group. Cases of very 
faint dimpling run the risk of being classed in the non-dimpled group and thus 
swell their numbers. That this does occur was proved later on when stray non- 
dimpled grains gave rise to plants with all grains dimpled, proving that dimpling 
might fluctuate towards very near non-dimpling and thus escape notice. This 
practical disability might not altogether explain the aberration in numbers. It 
is quite possible as in maize [Correns, 1902] that the pollen of dimpled varieties 
suffers from a handicap in competitive fertilization. 

That the ratio obtained in the above table (Table I) is an undoubted 3 : 1, 
will be obvious from the behaviour of the 3 ’’ group [Rangaswami Ayyangar, 
1934]. In this group, out of the 103 plants obtained from non-dimpled seeds, 
thirty-four gave heads with all grains non-dimpled and sixty -nine gave hybrids 
having both non-dimpled and dimpled grains. 

The starch grains in non-dimpled and dimpled varieties were examined. The 
grains are simple and are polygonal in shape. In the non-dimpled varieties the' 
starch grains were larger than in the dimpled varieties. Photographs of starch 
grains in the dimpled and non-dimpled varieties show this difference clearly 
(Plate LIII, figs. 3 and 4). Three hundred starch grains in each of the non-dimpled 
(A, /S. 158) and dimpled {A. S, 219) varieties were measured and the measme- 
ments plotted (Pig. 1), It will be seen that the mode for non-dimpled starch 
grains is at about 26pt, whereas the mode for the dimpled starch grains is about 
iSjjL# Analysis of the dimpled grains, kindly done by the Agricultural Chemist, 
shows that the amount of reducing sugars in the dimpled grains is thrice the 
quantity of that contained in the non-dimpled grains, the non-reducing sugars 
being equal in both. 
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The dimpled varieties are few in number. The majority of sorghums have 
non»dimpled seeds. Starch grains in typical non-dimpled varieties and species 
of sorghum were examined and it was noticed that in all these the starch grains 
were large and were about 25y- in diameter. 

This examination leads one to the conclusion that the starch formation in 
the dimpled grains is arrested at some stage in their growth, leading to the non- 
development of the . grains to fullness. As the grain ripens and loses moisture, 
the imperfect development of the starch grains leads to an unfilled cavity inside 
and the dimple outside. 

The Mendelian theory of inheritance postulates random assortment and ferti- 
lisation among the gametes, Parnell [1921] first demonstrated that, in rice plants 
heterozygous for the glutinous character, two types of pollen grains, one staining 
red when treated with iodine and the other blue, were produced in approximately 
equal numbers. Demerec [1924], Brink and MacGillivray [1924] in maize, Longley 
[1924] in Ooix, and Karper [1933] in sorghum, noted a similar difinrentiation 
between the starchy and waxy pollen. The type of dimorphism in pollen, reported 
herein, belongs to a different category. When treated with iodine the staining 
was of two shades of blue — flight and deep. 

An examination of the pollen of dimpled and non-dimpled pure lines was made. 
Pollen from the dimpled variety {A.S. 219) when treated with one per cent iodine 
stained light blue. In these varieties, the contents of the pollen grains could be 
made out due to the light stain. The pollen from the normal non-dimpled variety 
(A, S. 158) stained very deep blue in iodine. The whole grain was so intensely 
blue-coloured that the contents inside the grain could not be made out. Plants 
heterozygous for dimpling were found to have both kinds of pollen grains, those 
in which the starch reserve was stained light and those in which it stained deep 
blue, in about equal proportions on the same head (Plate LTII, fig. 2). The photo- 
graph clearly shows the difference in reaction to the staining reagent by the two 
types of pollen. Counts of pollen grains from ten heterozygous plants gave 
the expected 1 : 1 ratio. 


[VI, IV 


944 jouknal of agricultural science 


Table II 

Pollen counis in hybrid ear-heads 
(Gross No, A, S. GLXXVII) 


Plant No 

Total No. of pollen 
grains 

Deep stained 
pollen 

Light stained 

1 ■ pollen 

1 

2,233 

1,103 

1,130 

2 

2,394 

1,181 

1,213 

-3 

2,190 

1,096 

1,094 

4 

2,317 

1,172 

L145 

5 

1,181 

677 

604 

6 

1,788 

919 

869 

7 

1,458 

727 

731 

8 

1,673 

826 

847 

9 

1,666 

868 

808 

10 

1,673 

813 

760 

Total 

18,473 

9,272 ■ 

9,201 


This dimorphism results in the production of both dimpled and non-dimpled 
grains in the same ear-head — a clear and easily spotted instance of xenia in sor- 
ghum. 

The female gametophyte, the embryo-sac, was also examined. The technique 
adopted was that of Brink [1925] for maize. In the embryo-sac of the dimpled 
type, a light bluish stain was observed. Non-dimpled embryo-sacs gave the deep 
blue reaction. Out of the forty-six sacs examined twenty-four gave a deep blue 
reaction, twenty lights hlue, and two were doubtful. Under the difficulties of the 
technique involved in this examination, the almost equal numbers in the two 
groups are undoubted in their import. The gene resulting in dimpling, it is 
obvious, exerts the same influence in the female gametophyte as in the pollen. 
It will thus be seen that there is both pollen and embryo-sac dimorphism mani- 
fested in this cross between non-dimpled and dimpled varieties. A factor dp 
is responsible for an arrest in the development of starch grains with the resultant 
dimple in the mature grain. Factor Dp produces the normal well-filled grains of 
sorghum with the usual size in starch grains. Dimpled grains (dp) are a simple 
recessive to non-dinapled grains (Dp). 

Summary 

Grains with a dimple on them occur in sorghum. Varieties with such grains 
are rare. Dimpling lias been noted in white, yellow, red and brown grains, and 
in grains that are peai?ly or chalky in appearance. Dimpling could occur in grains 
with floury or corneoias endosperm. Grains from dimpled varieties are consumed 
as a delicacy in the dough stage when they are sweet. Dimpled grains contain three 
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times the amount of reducing sugars foimd in non-dimpled grains. Dimpling results 
from the smallness of the starch grains. This smallness is due to the arrest in the 
development of the starch grains. The poUen grains in dimpled varieties stain 
light blue and in the common varieties deep blue with iodine. In hybrids 
between dimpled and common non-dimpled varieties, gametic dimorphism, in 
both pollen grains and embryo-sacs has been noted. Non-dimpled grains in ear- 
heads with dimpled grains betray xenia. Dimpled grain occurs frequently in the 
group Sorghum cerrmum Host and the dimpled variety has been named Sorghum 
cermium Host var. areolatus Rangaswami. Dimpled grains (dp) are recessive to 
normal non-dimpled (Dp) grains. 

REFERENCES 

Brink, R. A. and MacGillivray, J. H. (1924). Amer. J. Sot. 11, 465-489. 

— — (1925). Genetics 10, 359-394. 

Correns, C. (1902). Ber Deut. Sot. Gesell. 20, 159-172. 

Demerec, M. (1924). Amer. J. Sot. 11, 461-464. ; 

Karper, R. E. (1933). J. Hered. 24, 257-262. 

Longley, A. E. (1924). J. Agria. Rea. 28, 673-682. 

Parnell, F. R. (1921). J. Genetics 11, 209-212. 

Rangaswami Ayyangar, G. N. (1934). Madras Agric. J. 22, 1-11. 

Rangaswami Ayyangar, G.N. et. al. (1934). Ind. J. Agric. Sci. 4, 96-99. 


THE STORAGE OP FUNGAL CULTURES 


BY 

L. D. GALLOWAY, 
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(Beeeived for publication on 4th May 1936) 

(With one text-figure) 

Inteoduotion- 

The prolonged storage of cultures of fungi presents many difficulties, parti- 
cularly m hot climates. A temperature not exceeding 25“C. is generaUy admitted 
to be desirable, the optimum storage temperature varying from 0° to 20°C accord 
mg to the species under consideration. The use of a cellar as culture store may be 
sufficient to secure this, but if refrigeration is needed, it is desirable to avoid a 
system which mvolves either air circulation or an increased humidity of the at- 
mosphere, since both these factors lead to infected cultures. 

A damp storage atmosphere increases the risk of infection both by mould 

tw t ^ ^ too dry. on the other hand, desiccates 

the eultme media, and necessitates frequent sub-culturing. To try and check 

eyaporation by the use of rubber caps for the tubes is to invite infectil luce su h 
caps merely cause the cotton plugs to take up moisture from the meSirmZut 

obiec'tion tt: te^roSmT^^ ^ 

liable to abnormal development or early death. consequently are 

infesterofb^IiSr^^^^^^^ --US danger is that of 

once had experience of it. Mite infestltiL is Zr Pf ^ 

stages. Later, cultures acqX ITometra 

and mites can be seen on careful e-s-o • i.- °*^’ 0 S'ten or glazed appearance, 

the microscope. Mites travel from tube to Lb P°^®^ 

and leaving bacterial and fuialTpi^ ' bfh^^ -«on plugs, 

by small-spored fungi, e.g., of the ^ contaminants. Infection 

that mites are at work. A preference is oft JP®’ ® common indication 
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As precautionary measures, volatile repellents naphthalene) suffer from 
the objection that they interfere with normal fungal growth. In the writer’s 
experience both pyridine and carbon tetrachloride have been found fairly harm- 
less if their vapour is not too concentrated ; also the occasional application to the 
plugs of a few drops of one per cent naphthalene in alcohol, or of petrol ether. 
Some workers [Thom, 1930] dip the plugged ends into a solution containing mer- 
curic chloride. The best course, however, is to avoid mite infection altogether by 
keeping shelves and incubators clean, by excluding infected material, and by 
never allowing tubes to lie with their plugs touching the working bench. 

Methods of storage other than on agar slope cultures have been tried by 
various investigators. Fragments of mycelium — ^with or without agar medium- 
are said to remain viable if kept in sugar solution. Spores have been preserved 
for long periods mixed with earth, chopped straw, chalk, or sand. Thaysen 
[1924] described a method of storage of bacteria on sand in sealed tubes, and in a 
later paper [Thaysen, 1934] records further data on the viability of both bacteria) 
and fungal cultures preserved by this method. The only fungi recorded are 
Penicillium “ glmicum ”, Aspergilhis glaucus and Wiizopus japonicus. All were 
healthy after twelve months storage on sand. After twelve years’ storage, 
spores of the first two species were non-viable, but those of Ehizopus japonicus 
gave rise to an active culture. 

Expertmektal 
Sand cultures 

Method of preparation. — ^Purified sand suitable for this purpose may be 
obtained from most chemical firm s, or fine “ silver sand ” may be purified in the 
laboratory by warming with hydrochloric acid, washing until free from acid, and 
then heating in a muffle furnace. Test tubes— preferably rather narrower than 
the normal variety— are then filled with the treated sand to a height of about one 
inch from the bottom, plugged with cotton wool, and sterilised for two hours at 
160T. 

An appreciable quantity of spores from a healthy culture of the fungus to be 
preserved is removed by means of a wire loop, and mixed with the sand, the usual 
precautions being taken to avoid infection during this transfer. Spores are in 
some cases more easily picked up if the loop is first moistened with sterile water. 

The inoculated tubes are incubated at 25^"— 30°C. in a dry atmosphere for some 
days in order that the spores may dry off, and are then sealed in the blow-pipe. 
The worker unaccustomed to glass blowing requires a little practice before he 
can carry out the sealing process neatly and without failures. The following 
hints may be useful : — 

(1) Employ good quality glassware, not too thin. 

(2) Use a foot-blower and a fairly small flame, 


948 INDIAN* JOURNAL OF AGRICULTURAL SCIENCB [VI, IV 

(3) Soften thoroughiy a small length of the tube and then pull out sharply 

without, however, sealing the tube (stage 2 in Fig. 1). 

(4) Re-soften and seal at the tapering portion, at the same time warming 

the upper part of the enclosed air space so that the sealed end remains 
nicely rounded, without either excessive expansion or excessive 
shrinkage (stage 3 in Fig. 1). 

(5) Transfer to the cool flame at the critical moment, then set the tube 

aside to cool slowly, taking care that the sand is not allowed to come 
into contact with the hot part of the tube. 

The ideal to aim at is to produce a seal indistinguishable from the original 
end of the tube. Such sealed cultures are very robust, and convenient to handle 
or to send through the post. 
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Method of sub-culturing . — When it is desired to open a sealed tube, a small 
file mark is made near the seal. The end of a thin glass rod is then heated to red- 
ness in a Bunsen or blow-pipe flame, and pressed firmly against the file mark, with 
the rod normal to the surface of the glass. The tube should crack all round, and 
after passing through the flame to sterilise the outer surface, the top may be 
removed by a gentle tap. The sand is then tipped into a sterile Petri dish, and 
20 c.c. of a suitable agar medium, melted and cooled to 42®-45®C. is poured over it. 
An alternative method that is to be preferred is to tip the sand into a tube of 
suitable liquid nutrient medium ; about one c.c. of the liquid is then used for plat- 
ing as before, and the remainder of the liquid, containing the sand, is incubated 
as a reserve culture in case of failure of the plate culture. 

Experimental . — In 1931, sand cultures were made in England of a number of 
representative mould fungi isolated principally from textiles [Galloway, 1930]. 
These cultures were opened after two years’ storage at normal English laboratory 
temperatures, and the results are shown in Table I. Authorities for species are 
omitted for the sake of brevity. 

Table I 
8and cultures 


Species 


Aspergillus chevalieri, strain A 

?? 9 > 99 ^ 

A. amstelodami 
A. repens 

A. nidulans, strain A 

99 99 >J ^ • 

A . versicolor, strain A 

99 99 » B • 

99 99 99 ^ • 


Viability after two 
years (or 18 months 
where indicated 
with asterisk) 


+ 

+ 

+ 

+ 

+ 

+ 


A. niger, strain A . 

99 99 >> B • 

A* mndidus, strain A 

99 99 B 

99 99 G 

A. flavipes 
A. effusus . , 

A. tamarii 
A, ochraeeus 
Aspergillus sp, 125 
Penicillium candMofulvum^ strain A 

99 99 ,, B 

99 99 99 0 

P, chrysogemm, strain A . . 

99 99 f* B * 


4 - 

4 ” 

+ HC 

+ 

+ 

+ 

+ 

+ 

+ 

4 “ 

+slow* 
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Species 


Viability after 
two years 

(or IS moiitiis where 
I indicated with 
asterisk). 


P. expansum . . 

P. Ulacinum .... 
P, pinopMlum 

P. luteum .... 
P. purpurogenum 
P. fugulosum .... 
Penicillium sp. 209 B 
Penicillium sp. 138 G 
Scopulariopsis hrevicauUs 
Cladospormm herharum, strain A 

B 

TricJioderma lignorum 
EMzopus arrhizus . 

Bhizopus sp. 6 
Mucor sp. i9 . 

Mucot sp. 210 B 
Trichothecinm roseum 
Thamnidium sp. 190 
Stachybotrys ? atm . 
Stemphylium sp. 207 A , 

,, 207 B , 
Cliaetomium sp. 206 
Memnoniella ecliinata 


It will be st'eii that forty-one out of the forty-seven species survived. Of 
those tliat did not survive, J. f icIiotliBcitim has thin- walled sporc's, and the remainder 
comprise four Penicillium spp. and an Aspergillus. The results are based on 
one sealed culture of each type. 

The second series of experiments comprises a few sand cultures sealed in 
Ibngland in 1933, and two years later brought to India and opened on arrival. 
Results are shown in Table II. 

Table II 
Sand cuUufe^ 


Species 


Viability after 
two years 


Aspergillus versicolor 
A.flavus (in duplicate) 
A, oryzae 
A. ochraceus . 

A. candidus 
Scopulariopsis sp. 221 
Stachybotrys 9 atra . 
Chaetomella sp. 238 
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The third series consists of sand cultures sealed in India in 1935 and opened 
a year later. A number of plant pathogens were included, and the cultures were 
stored at Indian laboratory temperatures, which reached 35°0. during the hottest 
months. Results are shown in Table III. 


Table HI 
Sand Cultures 


Species 


Asp&rgillus n'idulans 
Trichoderma lignomm, strain A 

y } j j 

ColletotriGhum falcatum 
Sclerotmm rolfsii (sclerotia) 

Sclerotium oryzae (sclerotia) 

RMzoctonia microsderotia (s{3lerotia) 

TJstilago hordei 
U, Jcolleri / 

27. trUioi C tested for spore germination only 

U. scitaminea J 


Viability after 
one year 


-f 

-I- 


Sealed cultures in sugar solution 

This IS claimed to give good results in some hands, but the exact methods 
used do not appear to be recorded. The writer's attempts to make use of sugar 

Tabler^^Ind T experiments are recorded in 

fCz f f’ ™ grown in a nutrient solution 

£ W oent cane sugar and one per cent chalk. 

The fmgi were allowed to grow until freely sporing and the tubes were then sealed 

" , were made in England, taken to India after six months, and 

will be seen from Table lY that two-thirds of the cultures proved non- viable. 

Table IV 


Gane sugar cultures 


Species 


Aspergillus amstelodami . 

A, ruber , . ^ * 

A* herhariorum minor 
A. nidulans (non-perithecial) ,* 
A, niger . . , ^ 


Viability after 
iiino months 


+ 

+ 
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Table TV — contd. 




Species 


Viability after 
nine months 


A. versicolor 









A. Sydowi 









A. terreus 








+ 

A. flavipes 








+ • 

A. Wentii 









A, ochraceus , 








— 

A. oryzae 








+ 

A. ustus 









A. tamarii 










Penicilliuni candidofulv^um 








— 

P, pinophilum 








— 

P. purpurogenum . 








+ 

P. rugulosum . 









P. spinulosum 








_ 

Penicillium sp. 239 








1 

Scopulariopsis hrevicaulis 








1 ,+ 

Paecilomyces variofi 









Byssochlmnys fulva 








“b 

Mortierella sp. 248 . 









Syncephalastrum sp. 192 . 









Chaetomella sp. 238 








+ 

Stemphylmm sp. 214 









Stachybotrys ? atra . 








— 

Acrothecium lunatum 










Stysanus sp. 255 










Meranoniella echinata 








— 






A few similar cultures were sealed in India in April 1935 but with further 
modifications. In the first place, ten per cent dextrose was used in place of ten 
per cent saccharose, and secondly the transfer made was of a portion of an agar 
culture containing active mycelium, the tubes being sealed immediately after 
inoculation. The viability was tested after one year’s storage at Indian labora- 
tory temperatures. 

Table V 


Dextrose cultures 


Species 

-- ' 

Viability after 
twelve months 

Aspergillus nidulans , . , . . . 

+ 

A. niger . , , . , , . , 


PncMerma strains A and B ... 



Chaetomium indicum ........ 



C olletotrichum falcaium . . * . . . 

— ' 

Phytophthora 4: stmin^ • • . . 



It will be seen from Tables IV and V that both methods of storage in sugar 
solution gave results inferior to those obtained with sand. 

9 a 
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Bacterial cultures 

The storage of bacterial cultures does not come in the scope of the present 
paper, but it may be mentioned for purposes of comparison that the sand culture 
method is applicable to spore-forming bacteria, the bacterial spores showing 
even greater viability in this respect than fungal spores. 

Non-sporing bacteria, such as the plant pathogenic forms, may be sealed as 
liquid cultures in broth containing one per cent dextrose with chalk added to 
maintain a neutral reaction. A culture of Streptococcus lactis made in this way was 
active after 2 years’ storage in England ; of two plant pathogens whose viability 
was tested after seven months storage in India, a bacterial leaf-streak organism 
from maize was non- viable, whilst the Red-stripe organism from sugarcane was 
still active. 


Discussion 

The results given in this paper indicate that sand cultures afford a useful 
means of storing certain fungi, in particular those whose spores are thick-walled. 
It may be anticipated that such spores will retain their viability for a year or two 
in this state, bnt sand storage should only be regarded — except for well-tried 
species — as an additional and not as an alternative means of storing valuable 
cultures. In interpreting the results shown in Tables I—III, it must be remember- 
ed that each record is based on a single culture, and that non-viability may in some 
cases be due to faulty technique in making this culture, e.g., use of a hot needle, 
failure to transfer suiScient spores, use of immature cultures, or accidental heat- 
ing of the sand during the sealing process. 

When sand cultures can be relied upon, they present a number of advantages. 
All chance of infection by mites or moulds is definitely ruled out. The cultures 
are compact, not easily broken, and seldom require sub-culturing. 

A further point — on which few data are yet available— is that sand cultures 
are more likely to retain their characteristic features than slope cultures. Species 
such as Belminihosporium when kept on agar mediator a number of sub-cultures, 
are apt to show considerable variation or even to produce marked saltants. The 
presence of toxic substances [Galloway, 1933] and unfavourable physical condi- 
tions have been shown to increase the tendency to saltation, and it is reasonable 
to assume that such conditions are more likely to occur in old vegetative cultures 
‘on agar than in dry spores on sand. Additional evidence that saltants are due to 
staling products is supplied by the fact that they occur more readily in rich media 
than in media, poor in nutrients [Mitra, 1931]. 

Summary 

Results are recorded for the storage of a number of fungi, mainly saprophytic 
moulds, in sealed culture for one or two years. 
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Many fungi possessing resistant spores or sclerotia are capable of retaining 
their vitality for long periods when stored on dry sand in sealed tubes. This 
affords a method of keeping valuable cultures safe from all chance of infection. 
Sand cultures alone, however, should not be relied upon. 

Two methods of storage in sugar solutions were tested, but gave unsatisfact- 
ory results compared with storage on sand. 
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PHYSICOCHEMICAL PROPERTIES, AND THEIR 
RELATION TO THE PLANT GROWTH 

BY 
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Inteoduction 

mmtwiaMlDblecalaum salts. toil m its OBgiaal state is extremely hard 
diffloult to ploogh, and entirely lacking in permeability. It cent..-, eto,tv.£« to 
mnety per cent of monovalent exchangeable bases, and does not suppor/ve<^etation. 

. But when tks sod is treated with soluble calcium salts, such as caldun' Jhlorit or 
properties are modified, and it is able to support a crop of 
. he question, therefore, arises whether an entire absence of plant erowf b 
on these soils is merely due to a direct toxic effect ef . , 

changes as hberate certain plant food materials essential for Trlrothlftf 

of a preSiLr%ett2™ot t£ reMot^Sof 

r.:; rr,- 

of percolation ^th such physical properties as : (l)rate 

_gro'rtfa a nd the plant food materM remoyed by the crop cn 11^0°™. 

leacMngs under 
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Experimektad 

The soli selected for these experiments was ban soil from Montgomery district* 
It was a mediam loam, consisting mainly of sodium clay. The analysis of the soil 
is given in Table I. It is deficient in nitrogen and organic matter, but possesses 
all other plant food materials in sufficient quantity. Owing to its being deficient 
in organic matter, the biochemical changes in this soil are of little significance. 
Besides, such a soil is highly suitable for the purpose of the study outlined above, 
as the plant food material which is rendered available as the result of cationic 
exchange is derived mainly from the inorganic complex. 


Table I 

(Per cent on air-dried soiU) 


i. Mechanical analysis 
Clay 







Per cent 

20' 16 

Fine silt . 


, 

, 

. 



15' 09 

Silt, 



, 

• 

, 


22' 14 

Fine sand 


. 

. 

. 

. 


41' 11 

Coarse sand 


, 

. 

. 

, 


0'72 

Gravel 


, 

, 

. 

. 


0*35 

2, Ghemical analysis 

Insoluble residue 

. 

. 

. 

• 

, 

• 

76-85 

Soluble silica , 



. 




0*11 

Iron (Fe^Os) • 







4' 93 

Aluminium (AlgOg) 







8*54 

Calcium (CaO) 







3' 08 

Magnesium (MgO) 







1'45 

Phosphorus (P 2 O 5 ) 







0'25 

Potassium (K 3 O) 







1 ' 16 

Sodium (IsTagO) 







0*87 

Organic matter 






• 

0*28 

Nitrogen 






• 

0'03 

3. Available analysis 

Phosphates 

. 

. 

. 

• 

• 

• 

O'lO 

Potassium 

. 

. 

. 

- 

. 


0'09 

4. Exchangeable bases 

Calcium . 

. 

. 

. 

. 

. 

. 

0' 0307 

Magnesium 

• 

. 

. 


* 

• 

0'0157 

Sodium . • 

. 

. 

. 

. 

• 

• 

0*2160 

Potassium 

, 

, 


. 

. 

. 

0'0412 


Preparatiok op soils saturated with difperent oatiohs 
The soil after being well powdered was passed through a two-mm. sieve. In 
order to prepare soils saturated with different cations, one hundred grams of the 
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soil with 150-200 e.c. of warm normal solutions of the chlorides of calcium, 
magnesiimi, manganese, potassium, and ammonium was thoroughly shaken, and 
kept overnight. Next day the soil was transferred to a Biichenr funnel fitted with 
a filter paper, and filtered under slight but uniform suction and was further leached 
with 300-400 c.c. of the corresponding salt solutions. The excess of the salt 
solution was washed down with distilled water. It was observed that soils 
s^,urated with potassium, sodium, and ammonium ions could not be leached 
effectively whh distilled water, as owing to their high dispersion clay particles 
were carried into the filtrate. Consequently, in these cases leaching was” done with 
y per cent alcohol. The soils thus leached were dried, crushed and sieved 
and were used for the determination of the following physical properties ’ 

D‘>'Sperston coefficient. —The dispersion coefficient being the measure of the 

state of aggregation of soil particles saturated with different cations, was determin- 
ed according to Keen and Puri’s method [1925]. The results tabulated in Table II 
indica.o that soils saturated with divalent bases are less dispersed and form more 
resistant aggrega cs than soils saturated with monovalent bases. Of soils saturat 
the m.gned™soi! gives a higto dispersion 
han Cither the manganese or the calcium soil which have about the same 
dispersion coefficient . Thus soils saturated with manganese and calcium ions are 

more flocculateo than the magnesium-saturated soil. 


Table II 




1 Water-holding 

Kate of 


Description 

Disjoersion 

coefficient 

capacity 

(moisture 

as 

per cent on 
air-dried soil) 

Ipercolation 
(time taken 
by 100 c.c. 
of water) 

Soil reaction 
(pH value) 




Hrs. Mts. 


Calcium soil 

31-00 

43-67 J 

1. 0 25 

2. 0 27 

3. 0 27 

1 8-29 

Magnesium soil 

41-70 

39-94 -| 

1. 0 41 

2. 0 63 

3. 0 81 

8 76 

Manganese soil 

29-40 

42-41 J 

1. 0 9 

2. 0 9 

3. 0 11 

7*36 

Ammonium soil 

98-00 

34-40 J 

1. 1 29 

2. 2 68 

3. 3 24 

8*62 

Potassium soil 

99-40 

34-60 

1. 2 6 

2. 4 3 

9*11 

Sodium soil 

94-64 

29- 10 

3. 4 7 

1. 27 32 

10*01 
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2, Waler-Tholding capacity . — The water-holding capacity affords a means of 
comparing soils on the basis of their capacity to hold moisture, which depends on 
the pore-space, and colloidal matter present in the soil. Water- holding capacity 
was determined by Hilgard’s method as described by Hall [1921] with modifica- 
tions of Keen and Raczkowski [1921]. The data in Table II is a mean figure of fi v^e 
determinations made on individual samples, and the variation between the 
different determinations made on the same soil was not more than 0*5 per cent. 

A comparison of the results contained in the above table shows that mono- 
valent ions (K, and Na) cause a change in the arrangement of the colloidal 
material. The soils saturated with divalent bases can hold more moisture than 
those saturated with monovalent bases. The calcium-saturated soil has the 
highest water-holding capacity, while the soil saturated with sodium ions has the 
least. The water-holding capacity goes on decreasing in the order shown below : — 
Ca > Mn > Mg > K >. NH 4 ;> Na. 

Wateb-holding capacity of soil contalnie-g different amounts of 

EXCHANGEABLE CALCIUM 

The results contained in Table III show that the water-holding capacity of a 
soil increases with an increasing amount of exchangeable calcium in it. The 
soil having 0*0432 per cent of exchangeable calcium holds 28*91 per cent of 
moisture, while the same soil containing 0*1824 per cent of exchangeable calcium 
holds 44* 26 per cent of moisture. 


Table III 


Serial 

No. 

1 

Exchangeable calcium 
as Ca (percentage on 
air-dried soil) 

Maximum water-hold- 
ing capacity (mois- 
ture as percentage on 
oven-dried soil) 

Bate of percolation 
(time required for 

100 c.c. of water to 
pass through] 




Hrs. 

Mts. 

1 

0-0432 

28*91 

27 

55 

2 

0-0624 

31-88 

27 

32 

3 

0*0720 

32-44 

25 

36 

4 

0-0992 

33*11 

24 

12 

6 

0-1008 

34-02 

24 

3 

6 

0-1104 

34-90 

7 

41 

7 

0-1120 

34-88 

4 

5 

8 

0-1184 

35-05 

2 

39 

9 

0-1304 

35*53 

2 

19 

10 

0*1334 

36* 26 

1 

54 

11 

0* 1352 

38*47 

1 

5 

12 

0-1824 

44-26 

0 

26 


10 
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3. Mate of percolation , — The rate of percolation in these soils was determined 
by the method described by Bouyoucos [1930], with a slight modification. As 
the pressure of the tap water is variable, a manometer was introduced to measure 
the pressure, and in all soils water was allowed to percolate under a definite suction 
force (33 cm.). The method, though not absolute, is yet capable of giving fairly 
good comparative results which can be repeated under similar conditions. 

- Fifty grams of the soil were well shaken with fifty c.c. of distilled water, and 
then placed on the Buchner funnel to which No. 40 Whatmann’s filter paper was 
fitted. The soil adhering to the sides of the beaker was washed into the funnel with 
another fifty c.c. of distilled water, and the suction started. In order that the soil 
system may become settled, and more or less in equilibrium, the suction was 
continued for about fifteen minutes before measurements were commenced on the 
rate of flow of water. Meanwhile, the entire amount of water was never allowed 
to filter through, as a re-arrangement of soil particles causes a change in the rate of 
percolation. 

The results contained in Table II show that the different cations in the ex- 
change complex produce a striking effect on the rate of percolation of water. The 
order of rate of percolation is Mn >• Ca > Mg > ^ K ;> Na. 

The time taken for 100 c.c. of water to pass through a layer of fifty grams of 
soil varied considerably in the case of soil saturated with different cations. For 
instance it took nine to eleven minutes for 100 c.c. of water to pass through a 
manganese-saturated soi], twenty-five to twenty-seven minutes through 
a calcium-saturated soil, forty-one to eighty minutes through a magnesium- 
saturated soil, 89 to 204 minutes through ammonium-saturated soil and 
twenty-seven hours and thirty-two minutes to pass through a sodium- 
saturated soil. Further, it will be observed, that the rate of percolation 
decreases if repeated percolabions are obtained through the same column 
of the soil without disturbing it. The change is more marked in the case 
of a magnesium-saturated soil than in the case of manganese or calcium-saturated 
soils (where there is practically no change), and is still greater in the case of ammo- 
nium and potassium saturated soils. This is due to the fact that when water 
remains in contact with soils saturated with different cations, the magnesium, 
potassium and ammonium soils become more puddled than soils saturated with 
manganese and calcium ions, and it is on account of this puddling effect 
produced in these soils that there is a marked decrease in the rate of 
subsequent percolations. 

Rate OF PEBC0LATI0155' IK SOILS COKTAIKIKa BIFFEREKT AMOUKTS OF EXOHAKGE- 

ABLE CALCIUM 

The rate of percolation was studied in twelve soil samples containing different 
amounts of exchangeable calcium. From the results given in Table III it will be 
observed that the rate of percolation increases with increasing amounts of ex- 
changeable calcium, but there is a sudden rise in the rate of percolation in the case 
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of samples containing 0 • 1104 per cent of calcium. One hundred c.c. of water take 
twenty-four hours and three minutes to pass through the soil containing O ' 1008 per 
cent of exhangeable calcium, while the same amount of water takes only seven 
hours and forty-one minutes to pass through the soil containing 0 • 1 104 per cent of 
exchangeable calcium. In other words, a slight increase in the amount of ex- 
changeable calcium at that particular stage can bring about a great difference in 
the rate of percolation. This observation is of great practical importance, as this 
k difference in the rate of percolation is due to complete flocculation of the soil 

whiohoceurs when it contains 0-1104 per cent of exchangeable calcium. Further, 
a slight increase over 0-1104 per cent in the amount of exchangeable calcium is 
responsible for a great increase in the rate of percolation. When the soil becomes 
saturated with exchangeable calcium, 100 c.c. of water take only twenty-six 
minutes to percolate through it. 

4. pH value . — The pH values were determined by the hydrogen electrode in 
soil suspensions containing 1 ; 2 ratio of soil to water. 

The results given in Table II clearly indicate that the nature of the exchange- 
able cations in the exchange complex greatly affects the pH values of the soil. 
Thus a soil saturated with sodium ions has a pH value of 10-01, but when sodium 
is replaced by potassium, magnesium, ammonium, calcium and manganese ions. 
* the pH values are altered to 9-11, 8*76, 8-62, 8*29 and 7-36 respectively. 

Crop 

Five hundred grams of each of the soils saturated with different cations were 
placed in glass tumblers, and wheat was sown in them. Altogether there were four 
repeats of each treatment. It was observed, that the seeds in soils saturated with 
divalent bases germinated earlier than those in soils saturated with monovalent 
bases. In the case of sodium-saturated soils only a few seedlings made appear- 
ance, which died soon after. Next, the plants in the ammonium-saturated soil 
began to show signs of exhaustion, the leaves began to turn yellow at the tips and 
soon after all the plants died. In all the remaming tumblers the plants were 
iiealthy and strong, except m the case of those soils saturated -mth manganese, 
■ where the plants were small in size with thin stems and narrow leaves. The follow- 
ing is a statement of the yields of the wheat crop in grams per pot : 


Total yield 
Grain 

Straw . 
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Exchangeable bases 

Exchangeable bases were determined in soils saturated with different cations 
according to Hissink’s method [1923] with the modification suggested by Kelley 
and Chapman [1930]. It was observed that it was not possible to replace the 
bases completely, especially in the case of manganese, by leaching the soil with 
500 c.c. of normal ammonium chloride solution. Therefore, instead of leaching 
the soil with 500 c.c. of the solution, it was leached with 1,000 c.c. to bring about 
complete replacement, and the leaehings were collected separately in two litre 
flasks. 

From the data of the exchangeable bases given in Table IV it will be observed 
that they could not all be completely replaced, and ratios of cations saturating 
the exchange complex to the total bases varied considerably. 



Table W 

Exchangeable bases : Percentage on air-dried soil 
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In order to ascertain whether it was possible to bring about a greater replace- 
ment of all the bases of the soil by prolonged leaching, the soil in question was leach- 
ed with 5,000 c.c. of hot normal calcium chloride solution. The amount of ex- 
changeable calcium estimated showed that the amount of calcium absorbed was 
the same whether the soil was leached with three to four hundred c.c., or live 
thousand c.c., of the solution. These results are in accordance with the observa- 
tions made by Gedroiz [1931], Kelley and Brown [1927], and Csiky [1932] who 
assert that complete replacement cannot take place though prolonged leaching as 
observed by Mattson [1931] brings considerable change in the exchange complex. 

The data of exchangeable bases calculated in gram equivalents are given in 
Table V. From these it will be observed that sodium in the original bari soil is 
replaced by other bases in almost equivalent amounts. Therefore, it follows, that 
so far as the replacement of sodium by other bases is concerned, this is governed 
by the ordinary laws of chemical reaction. The only exception is in the case of an 
ammonium soil where besides a true chemical reaction probably absorption com- 
pounds are also being formed. 



Exchangeable bases in gram equivalents {Per cent on air-dried soil), befmx sowing crop 
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Mineral analysis of crop 

Wben the amounts of various minerals (Table VI) removed by crops from soils 
saturated with different cations are compared, the following conclusions are arrived 
at : — 

{a) Plants remove in excess only that particular base with which the soil 
is saturated. For instance potassium is removed in excess from a 
potassium-saturated soil, magnesium from magnesium -saturated 
soil and so on. 

(6) The figures of ash percentages show that the amount of mineral matter 
removed by crops is greatly influenced by the nature of the cations 
on the exchange complex. The total mineral contents removed by 
crops from soils saturated with manganese, magnesium, potassium 
and calcium are 10*04 per cent, 15*74 per cent, 20*04 per cent and 
17*05 per cent, respectively. 

(c) Perkin [1932], while working on the availability of phosphorus in soils 

saturated with different cations, observed that more soluble phos- 
phates are formed in the case of soils saturated with iron, aluminium, 
and magnesium, than in the case of soils saturated with hydrogen, 
calcium, ammonium, and potassium ions, in which the solubility of 
phosphates is decreased. The amount of phosphoric acid removed 
by the crop as shown in Table VI, also confirms this observation 
of Perkin that the phosphate content of crops from a magnesium- 
saturated soil is greater than the phosphate content of crops from 
a soil saturated with other cations. 

(d) The amount of monovalent bases, namely sodium and potassium 

removed by a crop from soils saturated with different cations in- 
creases with an increase in their pH values. The total amount of 
potassium and sodium removed by crops from a manganese-saturated 
soil having a pH value of 7*36 is 2 *77 per cent, from a calcium- 
saturated soil with a pH value of 8 * 29 is 4 * 72 per cent, from a mag- 
nesium-saturated soil with a pH value of 8*76 is 6*25, and in the 
case of a crop from a potassium-saturated soil with a pH value of 
9*11 the amount of these bases is 10*20 per cent. 



Analysis of wheat crop {per cent on air-dried crop) 
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In Table VII all tbe minerals are expressed as percentages on asb, and for the 
sake of comparison the average figures of analyses of the mineral contents of a 
^heat crop from a nonnal soil depicted as ' percentage on ash are aLn given. 
From these results it will he observed that calcium is not being removed by the 
crop from the calcium-saturated soil to the same extent as magnesium, manga- 
nese and potassium from the corresponding saturated soils. Large amounts o. 
manganese, magnesium and potassium in the soil’s exchange-complex induce an 
oxcessiTe absorption of these bases by the crops. 
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Discussion 

It is evident from the results obtained above that the nature and quan^-itv 
of cations on the exchange complex are responsible for a change in the structure of 
the soil. The cations are not only responsible for a change in the physical proper- 
ties of the soil, but they also govern the physico-chemical and chemical processes 
occurring in it. Therefore, if the introduction of certain cations in the soil comnlex 
improves the physical properties of the soil, it does not necessarilv follow that it 
also increases the crop-producing capacity of the soil. For example, the introduction 
of an ammomum ion in the exchange complex improves the permeabffity and 
water-holdmg capacity of the soil, but the soil thus treated is unable to support 
the growth of a oi op. On the contrary, a potassium soil with a higher pH value 
and a slower rate of percolation than an ammonium soil shows, is able to support a 
good crop. Agam, a manganese soil is more permeable and has the same water- 
holding capacity as a calcium soil, but the plants which germinated in it were poor 
with weak stems and narrow leaves. The data for ash percentages also show that 
pi nt. growing in a manganese soil remove the smallest quantity of minerals. 

Stability oe calcium in the exchange complex 
_ (a) It has been observed that when plants are grown on soils satumted wifL 
VMO., catiom. i, exomi™ of toe teos by the crop S^te™ 

iT “ f » not removed to the same e^nt Ztte 

out theVeoi to rZ SmeH^pTw e!moI '’'“’T"™ 

rrrzr- t-r * 

(b) The analyses of a manganese-saturated soil iTsWo Twi mU x , 

.mo„nt Of .xoh„*e.ble etorn^ the sod f'e^t 0 S roaeMot 

the removal of the crop. This clearlv shnwa ^■hn^■ ooiou inoi attei 

toHembl, m the 1“^“ 'to je” 

been pointed Oht to .VJh is d^toT?” “ *“ 

potassium by the crop which forms more than nrd- excessive uptake of 

toto i fact «eAhor rr^ofXTtr' 

oalcium-saturated soil. ^ ^ ^ g^t^own on a 
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Trom tlie foregoing discussion it follows that the varions cations not only 
affect the physical properties of the soil, but also profoundly modify its chemical 
properties. Further, an improvement in the physical properties does not neces- 
sarily follow an improvement in the chemical properties of the soil. Finally it 
appears that a calcium soil is the most stable and best suited for plant growth. 

Summary and conclusions 

LA preliminary study of the effect of various cations saturating the soil’s 
exchange complex on the physical and physico-chemical properties of the soil is 
presented. 

2. From the results obtained it appears that the physical properties of a soil 
such as the dispersion coefficient, the w^ater-holding capacity, the rate of percola- 
tion and the pH values are greatly influenced by the nature and amount of cations 
in the exchange complex. 

3. A study of the rate of percolation and. water-holding capacity of a soil con- 
taining different amounts of exchangeable calcium is iiivariabty followed by an 
increase in the rate of percolation and water-holding capacity of the soil. 

4. A deflnite amount of exchangeable calcium is required to bring about com- 
plete flocculation of the soil, and when this amount is reached, there is a sudden 
increase in the rate of percolation. Further, a slight increase in the amount of 
exchangeable calcium beyond that point brings about a correspondingly greater 
increase in the rate of percolation. 

5. Sodium and ammonium saturated soils do not support a crop, but soils 
saturated with calcium, manganese, magnesium and potassium can do so. 

6. There is a certain relationship between the plant food material removed by 
a crop and the nature of the cations saturating the soil's exchange complex. 

(а) When a particular base is in excess in a soil it is found that crops tend 

also to remove that base in excess. The amount of such bases remov- 
ed varies with the nature of the cations . Manganese, magnesium and 
potassium are removed in double the quantity, and calcium in almost 
the same amount as is removed by the crop from a normal soil. 

(б) The availability of phosphorus is increased by the presence of magne- 

sium, and decreased by the presence of calcium and potassium in the 
soil’s exchange complex. 

(c) The total amount of minerals present in the crop varies with the nature 
of the cations, and follows the order given below : — 

K > Ca > Mg > Mn. 

7 . The pH value of the soil is greatly affected by the nature of the cations . 

8. The amount of monovalent bases removed by the plant increases with an 
increase in the pH value. 

9. It does not necessarily follow that an improvement in the physical proper- 
ties of the soil makes it fit for plant growth, as the nature of the cations also in- 
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1. Introductory 

A disease of rice was reported in 1932 from the Rice Farm, Kala Shah Kaku, 
causing a considerable damage to the rice crop in certain fields. The disease, 
in addition to causing a marked_ decline in yield, interfered with the breeding work 
of the station as many plants died altogether as a result of it in the experimental 
plots. On examination of the affected plants on the spot the disease was identi- 
fied as caused by Bclerotium orzyae Catt. In the same season specimens of 
diseased rice plants showing rot of the stem and infected with Bclerotium orzyae 
were also received from Gujranwala, Gurdaspur, Sialkot, Sheikhupura and Kangra 
(Palampur) districts. 

The loss^in yield caused by the disease in the affected fields at the Rice Farm, 
Kala Shah Kaku, varied from five to eighty per cent. In other places the 
average loss caused by the disease was reported by the local Agricultural 

( 973 ) 
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Assistants to vary from five to twenty-five per cent while many fields were free 
from the disease. From these figures it is not possible to estimate the total 
ainoimt of loss caused by the disease in the Province but it is apparent that this 
malady ranks as one of the major diseases of farm crops in the Piiiijab. The 
study of the disease was therefore taken in hand. The present paper deals 
with the symptoms, distribution and perpetuation of the disease in the Punjab 
and pathogenicity of the causal fungus studied in pot culture and field 
experiments. In a later publication, it is intended to give factors affecting the 
incidence and development of the disease and methods of controlling it. 

2* Symptoms of the diseases 

The most important and general symptom of the disease as observed in the 
Punjab is Stem-Rot. But considerable variation has been observed with regard 
to the extent of Stem-Rot and the time of its occurrence. 

I. Stem-rot 

When the plants are about two to three months old, i.e., about the begin- 
ning of September, the leaf-sheaths and leaves at the first, second or third inter-, 
node from the base of the plant and up to the part where irrigation water reaches, 
begin to wither and ultimately dry up. The sheaths soon turn somewhat dark 
and begin to rot. At this time sclerotia of the fungus appear as small black 
dots at the bases of dried leaves and within the leaf- sheaths. Then the stem 
below the diseased sheaths gets infected. Generally the node from where the 
diseased leaves arise is first attacked. At first a small darkish spot appears 
and then infection spreads upward and in some cases downward also, and involves 
the whole internode below the affected leaf-sheath. The infected part of the 
stem then begins to rot and becomes so soft that it collapses and the plant falls 
down. In severe cases, it occurs either before the emergence of ears or when 
the ears have just come out. In such cases, the affected shoot dies altogether 
or if it remains green, the ears remain totally or partially sterile. If the Stem- 
Rot appears a little later, grains may be formed, but they are very much shrivelled. 
If the attack is very late, normal grains may be produced. Thus the extent of 
the damage depends upon the fcime when the Stem-Rot sets in (Plate LIV). In 
all these cases sclerotia of the fungus appear in large numbers inside the affected 
stem. 

II. Drying oe basal leaves 

In some oases leaf- blades and leaf-sheaths dry on account of the disease but 
tbe stem does not rot. In such cases almost normal grains are produced and no 
appreciable damage to the grains, is caused. The sclerotia of the fungus are, 
however, produced on dried leaf-sheaths. 




PLATE LIV 


(a) 

(b) 

(c) 

id) 

ie) 


Showing rot of the first internode of a rice plant. 

,, „ „ second internode of a rice plant. 

,, „ „ third internode of a rice plant. 

Showing Sclerotia of 'Sderotium oryzad on the base of a leaf sheath. 

Showing Sclerotia of 'Sclerotium oryzad inside the affected stem of a rice plant. 



STODtES ON THB SCLBEOtlAL DISEASES OF EICB 


97S 


III. DlSCOLOtTRATION OF BASES OF STEMS 

A large number of eases have also been observed where neither the leaves 
are attacked nor Stem-Rot appears, but the bases of stems of plants, all the same, 
show discolouration and bear sclerotia. In such cases the plant generally does 
not collapse. The affected plant either wilts or if it remains green it produces 
ears which remain sterile or contain shrivelled grains. If, however, the attack 
is late normal grains are produced. 

IV. Presence of sclerotia on stubble 

Many cases have also been observed when no symptoms of the disease were 
noticeable in the standing crop, but after harvest sclerotia of the fungus were 
found in abundance on stubble. 

Excessive and late tillering as described by Butler [1913] and Shaw [1913], 
whose observations were confined to Bengal, Bihar and Burma, have not been 
noticed so far in the Punjab, though as above stated, sterility and discolouration 
of the bases of plants as described by them is fairly common in the Punjab. The 
Stem-Rot which is the most important s5rmptom of the disease in the Punj ab has 
not been recorded by them. Mundkur [1935], the latest worker on this disease 
at Pusa (Bihar) whose study is limited chiefly to Pusa and its surroundings and 
who also visited Anakapalle, Samalkota, Maruteru, Coimbatore and Pattambi 
in the Madras Presidency and Karnal in the Punjab, did not observe any of the 
symptoms of the disease though he found sclerotia of the fungus in many plants. 
It is, however, interesting to note that as in the Punjab, stem-rot is the most 
important symptom of the disease in many countries abroad as described by 
Cattaneo [1879] and Briosi and Cavara [1886] in Italy, Reyes [1929] in Philip- 
pines, Vincens [1923] in Indo-China, Tisdale [1921] in Louisiana (U. S. A.), and 
Tullis and Cralley [1933] in Arkansas, Texas and Louisiana (U. S. A.). The 
nature of damage caused by the disease in these countries is also identical with 
the Punjab. Park and Bertus [1932] state that in Ceylon the disease causes 
death of seedlings, and the advanced plants when affected produce abnormal 
tillers, and the stalk gradually turns yellow and dies. 

3. Distribution of the disease 

During the last three years, specimens of diseased rice plants affected with 
Sclerotium oryzae and showing the Stem-Rot symptom have been received from 
Sheikhupura, Gujranwala, Gurdaspur, Sialkot, Palampur and D. G. dis- 

tricts. In 1935, after Mundkur [1935] published his paper on this disease and 
stated that he did not notice Stem-Rot symptom of the disease in Bihar, impor- 
tant rice-growing tracts in the plains of the Punjab were visited to make further 
observations on the disease. The disease exhibiting acute Stem-Rot was 
found fairly common in Sheikhupura, Gujranwala and Kamal districts, but it was 
not observed in Hoshiarpur and Muzaffargarh districts. The othm: places were 
not visited. 
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It is interesting to remark here that Mundkur visited Karnal in the Punjab 
but did not find the Stem-Rot symptom of the disease though he found sclerotia 
of the fungus in leaf-sheaths of plants which had well filled up panicles. This 
seems to be due to the fact that in Karnal district, the disease is serious in certain 
parts only, e.p., south-eastern villages near Karnal along the bank of the Western 
Jamna Canal where in 1935 it caused about thirty per cent damage in certain 
fields, while in other parts of the district the disease is either absent or is found 
in traces only. Mundkur probabty happened to visit those places in the Karnal 
district where the disease exhibiting Stem- Rot symptom was absent. 

4. Infection experiments 

I. Mateeial and methods 

In the Punjab, rice is grown by sowing the seed directly and also by trans- 
planting seedlings. For infection experiments, rice was grown by both these 
methods. Nineteen varieties of rice were included in these experiments. The 
seed of all the varieties was obtained from the Assistant Cerealist, Rice Farm, 
Kala Shah Kaku, District Sheikhupura, Punjab. Before sowing, the seed was 
disinfected in 0*1 per cent mercuric chloride solution for fifteen minutes. The 
infection experiments were conducted both in pots and field. 

For infecting the soil, the infected rice stubble and pure culture of the fungus 
were mixed thoroughly in the upper three dnch layer of soil. The infected rice 
stubble was obtained from the Rice Farm, Kala Shah Kaku, and before mixing it 
with the soil, it was chopped up into fine pieces. The culture of the fungus used 
was grown on oatmeal agar (Oatmeal 50 grms. and agar-agar 20 grins, made up to 
one litre in distilled water) at SO'^C. The culture used was always fifteen to 
twenty days old. The direct inoculation of rice plants was done by placing a 
bit of mycelium along with sclerotia of the fungus on the part of the plant to 
be inoculated and then tying cotton wool over it which was kept moist for fourteen 
days. Both pot and field experiments were conducted at Lyallpur and canal 
water was used for irrigation. 

II. Pot expbeiments 
(^) By sowing the seed directly in pots 

Forty flower pots filled with clay soil were sterilized in an autoclave at 120°C. 
for one hour. The soil of ten pots was infected with diseased rice stubble and of 
ten more with pure culture of the fungus on 20th May 1933. The remaining 
twenty pots were left as control. Disinfected rice seed of Punjab variety No. 349 
was sown, six seeds in each pot, on 1st June 1933. All the pots were watered 
thrice daily till the crop matured. The plants were kept under constant 
observation throughout this period. The results are given in Table I. 
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The experiment could not be arranged in 1934 but was carried out in 1935, 
when the soil was infected on 1st June and the seed was sown on 5th June, These 
results are also given in Table I. 

Table I 

Results of inf ection experiments in pots by sowing the seed 





No. of diseased plants 



Total 


Showing 



Per 

Year 

Treatment 

No. of 


drying 



cent 



plants 

Showing 

of 



infec- 



Stem- Rot 

leaves 

Total 

tion 




symptoms 

at the 
bases of 








plants 




1933 

Soil infected with diseased 

67 

2 

3 


6 

8*8 


rice stubble. 

Soil infected with pure 

66 

3 

6 


8 

14*3 


culture of the fungus. 
Soil uninfected (control) . 

112 

0 

0 


0 

0 

1935 

Soil infected with diseased 

62 

4 

4 


8 

15-4 


rice stubble. 

Soil infected with pure 

61 

2 

3 


5 

9*8 


culture of the fungus. . 
Soil uninfected (control) . 

108 

0 

0 


0 

0 


(ii) By transplanting 

(a) By raising the seedlings in uninfected soil. — This experiment was carried 
out in the same manner as (i) above, with the only difference that, instead of seed, 
forty days old seedlings raised in sterilized pots were transplanted on 10th July 

1933 in forty pots (ten infected with diseased rice stubble, ten infected with 
culture of the fungus and twenty uninfected). 

The experiment was carried out in 1934 and 1935 also. Thirty-five days old 
seedlings were transplanted on 10th July 1934, and thirty-seven days old seed- 
lings were transplanted on 12th July 1935. The results of experiments of 1933, 

1934 and 1935 are given in Table II. 

(5) By raising seedlings in infected soil. — This experiment was conducted as 
(ii) (a) above, with the difference that seedlings were raised in pots the soil of 
which was infected with pure culture of the fungus just before sowing the seed. 

The experiment was carried out in 1933 and 1934 and the results are given 
in Table HI. 

' ■ ■ ' ' ■ A 
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Table II 

Beaults of infection exjpenments by transplanting (seedlings raised in uninfected 

soil) 





No. of infected plants 


Year 

Treatment 

Total 
No. of 
plants 

Showing 

Stem-Bot 

symptoms 

Showing 

only 

drying of 
leaves 
at the 
bases of 
plants 

Total 

Per 

cent 

infec- 

tion 

1933 

Soii infected with diseased 
rice stubble. 

65 

3 

6 

9 

16*4 


Soil infected with pure 
culture of the fungus. 

53 

4 

2 

6 

11-S 


Soil uninfected (control) . 

116 

0 

0 

0 

0 

1934 

Soil infected with diseased 
rice stubble. 

54 

4 

4 

8 

14' 8 


Soil infected with pure 
culture of the fungus. 

5G 

3 

4 

7 

12-5 


Soil uninfected (control) . 

114 

0 

0 

0 

0 

1935 

Soil infected with pure 
culture of the fungus. 

68 

2 

19 1 

21 

36*2 


Soil uninfected (control) , 

60 

0 

0 

0 

0 


Table III 


Besults of infection experiments by transplanting (seedlings raised in infected soil) 





No. of diseased plants 


Year 

Treatment 

Total 
No. of 
plants 

Showing 

Stem-Bot 

symptoms 

Showing 

only 

drying 

of 

leaves of 
plants 

Total 

Per 

cent 

infec- 

tion 

1933 

Soil infected with diseased 
' rice stubble. 

52 

3 

4 

7 

13-5. 


Soil infected with pure 
culture of the fungus. 

56 j 

2 

2 

4 

7*1 


Soil uninfected (control) , 

57 

0 

' '2 

;> 

■ 

3*5 

1934 

Soil infected with diseased 
ri33 stubble. 

53 

4 

' 5 

9 

170 


Soil infected with pure 
culture of the fungus. 

54 

4c 

4 

8 

14-8 


Soil uninfected (control) . 

53 

1 

1 

; 2'' 

3*8 
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(Hi) By direct inoculation 

The seedlings of rice raised in uninfected soil were transplanted in pots con- 
taining healthy soil on 12th July 1935. The stems of these plants were inoculated 
with pure culture of the fungus at the base, and also at heights varying from 
half an inch to two inches above the base on 7th September 1935 and 21st Septem- 
ber 1935. Observations were recorded on 20th October 1935 and the results 
are given in Table IV. 

Table IV 


Result of direct inoculation experiments 





No. of diseased plants 

Date of 
inocula- 
tion 

Part inoculated 

Total 
No. of 
plants 

Show- 

ing 

Stem- 

Rot 

Showing 

drying 

or 

1 rotting 
of 

leaves 

Total 

Per 

cent 

infec- 

tion 

7th Sept. 

Soil infected . . . 

58 

2 

19 

21 

36 

1935. 

Bases of stem. 

24 

4 

4 

8 

33 


Stem IJ in. above the 
base. 

25 

1 

4 

5 

20 


Control .... 

20 

0 

0 

0 

0 

21st Sept. 

Soil infected . 

23 

1 

3 

4 

17 

1936. 

Bases of stem 

25 

5 

4 

9 

36 


Stem one in. above the base 

25 

2 

15 

17 

68 


Stem two in. above the 
base. 

25 

8 

i 

7 

15 

60 


Control .... 

24 

0 1 

1 

3 

3 



Results 


In all the above pot experiments the results of which are given in Tables I 
to IV the fungus was isolated from diseased plants and was always found to be 
/S'cZero^mm ory2:ae and the diseased plants showed characteristic Stem-Rot symp- 
toms or the drying of basal leaves. These experiments therefore prove that the 
fungus Sclerotium oryzae is pathogenic on rice plants and causes Stem-Rot or 
drying of basal leaves. i 

III. Field expeeiments | 

(i) By sowing the seed directly in the field 
A piece of land was divided into four plots, each measuring 30 ft. x 20 ft. 
The soil of the first and third plots was infected on 15th January 1933 with 
diseased rice stubble and pure culture of the fungus respectively. Disinfected 
seed of nineteen varieties was sown on 1st June 1933 in every plot. In each plot 
there were two sets of nineteen lines each and' in each set ever/ 
variety was sown in one line each. 
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The experiment was repeated in 1934, when again soil of the first and third 
plots was infected with diseased stubble and pure culture of the fungus on 15th 
May. The seed was sown on 5th June. The results of experiments of both the 
years are given in Table V. 

{ii) By transplanting 

{a) By raising the seedlings in uninfected soil. — ^This experiment was conducted 
in the manner as ill (i) above with the difference that six^weeks old seedlings 
of nineteen varieties raised in another piece of uninfected land were transplanted ; 
in the four plots on 10th July 1933. The experiment was repeated in 1934 when 
the seedlings of the same age were transplanted on 15th July. 

In 1935 the experiment was conducted again. One portion of a healthy 
plot was infected with pure culture of theJungus on 1st July and the other was 
left as control. Five- weeks old seedlings of nineteen varieties were transplanted 
in these plots on 15th July. The results of all the three years’ experiments are 
given in Table VI. , ' . 

(b) By raising the seedlings in infected soil. — ^The plan for this experiment 
was the same as for {ii) {a) above with the difference that the seedlings for trans- 
planting were grown in soil which was infected with pure culture of the fungus. 
The experiment was carried out for two years, 1933 and 1934. The results are 
given in Table VII, 

Table V 


Results of infection experiments in the field by sowing seed 




Percentage infection 

Serial 

No, 

Variety . 

1933 

1934 


Diseased 

stubble 

added 

Healthy 

soil 

Culture 

of 

fungus 

added 

Healthy 

soil 

Diseased 

stubble 

added 

Healthy 

soil 

Culture 

of 

fungus 

added 

Healthy 

soil 

1 

14 . 

27-5 

0 

11*7 

0 

9*1 

0 

64*6 

1*8 

2 

225 . . . . 

0 

0 

12 -6 

0 

9-1 

0 

0 

0 

3 

46 . . 

0 

0 

0 

0 

4*3 

0 

31*0 

0 

4 

349 : . , . 

5-0 

0 

1*7 

0 

4a 

0-5 

48*3 

0 . 

5 

346 

0 

0 

0 

0 

6*7 

0 

9*4 

0 

6 

22 . - . 

0 

0 

3-0 

0 

0 

6 

0 

0 


-'■■-I 

0 

0 

4*7 

0 

0 

0 

0 

^ 0 . ’ ■ 



4-0 

0 

6*1 

0 

3*4 

0 

18-3 

0 

9 

■■K.V. 22/28 

0 

I ■ . 0 

0 

0 

7*9 

0 

0 

0 

10 

X. V. 38A/28 . 

0 

0 

0 

0 

26-2 

0 

0 

0 

11 

860. 870, 3/80, 3S7A, 41, 202, 
62, 12(S)K.V. 21/28. 

0 

0 

0 

0 

0 

0 

0 

0 



mi 
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Table VI 


Eemlta of inf ection expmmmits infield by transplanting seedlings growing in nn^ 

infected soil 


Serial 
'Ko. ■ 

Variety 

Percentage infection 

1933 

1934 

1986 

Diseased 

stubble 

added 

Healthy 

soil 

Cul- 

ture 

added 

Healthy 

soil 

Diseased 

stubble 

added 

Healthy 

soil 

Cul- 

ture 

added 

Healthy 
soil ■ 

Cul- 

ture 

added 

Healthy 

soil 

1 

14 . 

5-0 

0 

0 

. 0 

41*7 

2-1 

80*1 

8-0 

29-2 

0 

2 

225 . 

17-5 

1-0 

6-2 

0 

9-1 

0 

81-0 

0 

43-1 

0 

S 

46 . 

0 

0 

0 

0 

4-3 

0 

39-9 

0 

11*7 

0 

4 

349 . 

11-4 

0 

5-7 

0 

3-5 

0 

48-3 

4-5 

19-4 

0 

5 

346 . 

0 

0 

0 

0 

6-5 

0 

10-1 

G 

0 

0 

6 

360 ... 

0 

0 

0 

0 

0 

0 

0 

0 

25*0 

0 

7 

22 . . . ■ 1 

.7-1 

0 

0 

0 

0 

0 

0 

0 

35*5 

0 

8 

3/30 

0 

0 

0 

0 

0 

0 

0 

0 

2*1 

0 

9 

387A 

7-5 ■ 

0 

0 

0 

0 

0 

0 

0 

5*5 

0 

10 

62 . 

0 

0 ' 

0 

0 

0 ! 

1 0 

0 

0 

6*7 

0 

11 

12(S) 

0 

0. 

0 

0 

0 

0. 

0 

0 

33-1 

0 

12 

1 278 . 

13-1 

0 

0 

0 

0 

0 

23-5 

3-6 

26-1 

0 

13 

K. V. 22/28 

25*0 

0 

0 

0 

7-9 

0 

37-0 

0 

15-0 

0 

14 

K. V. 21/28 

0 


0 

0 

0 

0 

0 

0 

9-7 

0 

15 

K. V. 88A/28 . 

33*3 


0 

0 

4*0 

0 

0 

0 

16*3 

0 

16 

370, 41, 7, 202' . 

0 

0 

0 

0 

0 . 

0 

0 

0 

0 

0 


Table VII 


Results of infection experiments in field by transplanting seedlings gr(^n in infected 

soil • 


Serial 

No. 

Variety 

Percentage infection 1933 

Percentage infection 1934 

Diseased 

stubble 

added 

Healthy 

soil 

Culture 

added 

Healthy 

soil 

Diseased 

stubble 

added 

Healthy 

soil 

Culture 

added 

Healtliy 

soU 

1 

14 . . ■ 


85-9 

16*1 

33*8 

0 

30*0 

0 

lO-S 

0 

2 

226 . . . . 


15-4 

18*2 

36*8 

1*0 

' 36*2 

0 

55*7 

2*0 

3 

46 . 


17-3 

8*1 

20*0 

0 

28*0 

0 

20*0 

0 

4 

349 , 


21*8 

. 12*5 

33*9 

0 

40*9 

0 

43*7 

0 

6 

346 . . 


0 

0 

0 

0 

17*2 

0 

3*7 

0 

* 6 

360 . . . 


2-9 

0 

0 

0 

8*0 

0 

0 

0 

7 

22 . 


2-4 

0 

6*2 

0 

11*1 

0 

26*1 

. 0 

8 

370 . ' . 


0 

0 

1*5 

0 

10*2 

0 

0 


9 

337 A 


0 

0 

0 

0 

8*4 

0 

3*6 

0 

10 

41 . . . 


1-2 

- 0 

0 

0 

3*5 

0 

3*5 

0 

11 

12 (S) . 


1*2 

0 

0 

0 

0 

0 

5*6 

0 

12 

278 . . . 


16*4 

; 13*8 

40*0 

0 

75*4 

14 -*9 

S7*6 

0 

13 , 

K.V. 22/28 . 


7*5 

18*1 

25*0 

0 

30*0 

I • 0 

64*0 

C 


K. V. 21/28 


1*5 

! 0 

2*6 

0 

0 

0 

22*2 

C 

'AS 

H. V. 38A/28 . 


89*9 

1*0 

27*2 

0 

36*2 

! 0 

1 55*7 

0 


3/30, 7, 202, 62 . 


0 

0 

0 

i 

0 

0 

1 

' ^ 

0 


Results 


* From the results embodied in Tables V-VII tlm following conclusions can 
be drawn. ‘ 

1. Sclerotkm oryzae is paxsbBitio on rioe plant and causes Stem-Rot diseaise 
under field conditions at Lyallpiir (Punjab). 
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2. The disease is produced, whether seed is sown directly or whether seed- 

lings at jSrst grown in nninfected soil are transplanted in land infect- 
ed with diseased rice stubble or pure culture of the fungus. 

The disease is also produced, though to a smaller extent, if seedlings 
grown in infected soil are transplanted in uninfected soil. 

3. The different varieties of rice differ markedly as to their relative sus- 

ceptibility to the disease. 

It may be remarked here that, under Pusa (Bihar) conditions, Mundkur [1935] 
got negative results of infection experiments in field as 'well as pots. This is pro- 
bably due to the difference in climate, nature of soil and other cultural practices 
between the Punjab and Bihar. 

5« Methods of perpetuation of the disease 

Observations made in different localities of the province showed that the rice 
crop grown on land, w^hich had borne a crop affected with 8clerotium or^zae the 
previous year, is attacked by the disease. To test this the following experiments 
were arranged both at Lyallpur and Kala Shah Kaku. 

I. Expeeiments at Lyallpue 

In the first and third plots referred to above under infection experiments 
(4, III), no further inoculum was added after harvesting the crop in 1934. 

In 1935 rice variety . No. 349 was grown in these plots by sowing disinfected 
seed in one half on 1st June and transplanting six-weeks old seedlings raised in 
uninfected soil in the second half on 15th July. Similar sowings were ^so done in 
a plot which had carried a healthy rice crop the previous year to serve as control. 
The results are given in Table VIII. 

Table VIII 


Results of an experiment of growing rice in naturally infected land at Lyallpui 

in 1935 



Seed sown 

Seedlings transplanted 

Treatment 

Total 
No. of 
plants 

Infected 

plants 

Per cent 
infec- 
tion 

Total 
No. of 
plants 

Infected 

plants 

Per cent 
infec- 
tion 

Infected land (Diseased crop 
in 1934)— 

Plot I . • • 

144 

53 

36.8 

^ 78 

38 

48.7 

Plot II . 

109 

41 

37.6 

90 

45 

50.0 

Plot III .... 

96 

45 

46.8 

83 

28 

33.7 

Plot IV .... 

128 

8 

6.2 

87 

6 

6.9 

Plot V . 

116 

11 

9.5 

86 

8 

9.3 

Total 

1 593 

158 

26.6 

424 

125 

29.5 

Healthy land 

, , 531 : 

17 

3.2 

402 

4 

1.0 
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II. Expeeiments at Kala Shah Kaku 

A field in which there were about eighty per cent diseased rice plants showing 
acute Stem- Rot in 1932 was reserved for the experiment. In 1933 seedlings of 
nineteen varieties were transplanted in this field. Again in 1934 the same nineteen 
varieties were grown in this field by transplanting seedlings. The seedlings were 
raised in an apparently healthy soil, but as the disease is widely present at the farm, 
freedom of the nursery bed from infection cannot be guaranteed. For the same 
reason the control plot could not be arranged. The results are given in Table IX. 

It is clear from the results given in Tables VIII and IX that if rice is grown in 
land which carried a diseased crop the previous year the disease is produced. 

Table IX 


Remits of experiments of growing rice in naturally infected land at Kala Shah Kaku, 
district Sheikhupuraj in 1933 and 1934 


Serial 

No. 

Variety 

1933 

1934 

Total 
No. of 
plants 

No. of 

infected 

plants 

Percent- 

age 

infec- 

tion 

Total 
No. of 
plants 

No. of 
infected 
plants 

Percent- 

age 

infec- 

tion 

1 

14 



740 

589 

80 ‘0 

829 

798 

96*6 

2 

225 



561 

356 

63*5 

660 

448 

68*0 

3 

46 



729 

90 

12-5 

573 

281 

49-6 

4 

349 



735 

545 

74-0 

823 

656 

79-8 

'5 

346 



812 

554 

68*0 

659 

557 

84*6 

6 

360 



769 

445 

60*0 

670 

587 

87*6 

7 

22 



555 

111 

20*0 

662 

227 

34*3 

8 

370 



805 

52 

6*4 

593 

118 

20*0 

9 

3/30 



835 

74 

8*9 

659 

544 

82*5 

10 

337A 



435 

237 

54*5 

599 

441 

73*6 

11 

41 



761 

297 

39*0 

642 

329 

51*2 

12 

7 



722 

50 

7*0 

658 

134 

20*3 

13 

202 



582 

1 367 

63*0 

654 

476 

72*7 

14 

62 



628 

34 

5*4 

670 

174 

26*0 

15 

12 (S) 



707 

454 

64*0 

647 

601 

92*7 

16 

278 



664 

604 

91*0 

897 

786 

87*6 

17 

K. V. 22/28 . 


■771 

201 

26*2 

658 

348 

52*1 

18 

K. V. 21/28 . 


! 596 

17 

3*0 

544 

348 

64*0 

19 

K.V. 38A/28 . 


289 

14 

5*0 

452 

162 

35*8 


A comparison of Table IX with Tables V-VIII shows that the incidence of 
the disease is much higher at Kala Shah Kaku than at Lyallpur. This may be due 
to differences in the nature of the soil, etc., between the two places. 
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6, Summary 

1. Symptoms of ike disease of rice caused by the fungus Sderotium oryzae 
have been described. The most important symptom of the disease in the Punjab 

■ is Stem -Rot. 

2. The disease is common in many rice-growing districts of the Punjab and 
causes considerable damage. 

3. Inoculation experiments have been carried out in pots m well as in the 
field. These prove that Sderotium oryzae is parasitic on rice plant both under 
pot and field conditions in the Punjab. 

The disease is produced whether seed is sown directly or whether seedlings 
at first grown in uninfected soil are transplanted in land infected with diseased 
rice stubble or pure culture of the fungus. 

The disease is also produced, though to a smaller extent, if seedlings grown in 
infected soil are transplanted in uninfected soil. 

4. Rice grown on land which carried a diseased crop the previous year gets 
diseased, 

5. Varieties of rice differ markedly as to their relative susceptibility to the 
disease. 
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PH0T0-CHEMICx4L OXIDAIION BY PLANT MATERIALS 
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(Received for piiblicatioii on 17th March 1936) 
iNTRODtrCTIOlT 

In course of investigations on photo- chemical oxidations of ammonia and 
similar nitrogenous compounds, Dhar and his co-workers have shown that many 
inorganic compounds like titania, ziinc oxide, etc., act as photo-catalysts. In 
experiments reported from this laboratory [Fazal-ud-Din, 1935], organic consti- 
tuents of the soil were found to exert an oxidizing influence. Ordinarily one 
would expect the organic matter to exert a reducing influence, therefore the oxidiz- 
ing influence of the organic residues, however small, is of interest in the proper 
understanding of these procesvses in soil. It was further found that fresh plant 
materials also exerted similar influence. The absorption of nitrogen in the form of 
ammonia by most of the plants has been mainly considered improbable because the 
mechanism of the oxidation of ammonia inside the plant tissues is not explainable 
by present-day conceptions of plant physiology. The experiments carried out 
in this laboratory throw some light on how this oxidation can be brought about in 
the plants. Further the formation of proteins by interaction of the oxidized nit- 
rogen and sugars has been demonstrated in presence of oxidizing catalyst, namely, 
titania by Eggleton [1935] and Dhar et al, [1934] in vitro. If the formation of 
proteins by similar interaction be postulated as occurring in vivo » the role of 
titania in the experiment in vitro can be easily assigned to particular organic 
plant catalysts in the similar transformation in wo, as both these act as 
similar oxidizing photo-catalysts. 

In course of these experiments it was found that the organic matter derived 
from various sources and from varied plants, fresh as well as decayed, exerted an 
oxidizing influence on ammoniacal compounds. The scope of the present investiga- 
tion has been limited to a detailed examination of the plant tissues of one crop only. 
’B^TseemiTrifolnm al€^andrinum>)w&B chosen £ot them studieB, 
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Method 


Fifty o.c. of one per cent mono-ethylamine solution and the desired amount 
of the catalyst were put in Pyrex conical flasks of 300 c.c. capacity. The flasks 
were plugged with cotton wool and exposed to the sun. In case the flasks were 
to he sterilized, mono-ethylamine was added after sterilization with a sterile 
pipette. Nitrons nitrogen was estimated by Griess Ilosvay’s colorimetric method. 

(1) Fully grown plants were up-rooted. These were washed freely first with 
tap water, and then with distilled water. The air-dried plants were ground and 
passed through two mm. sieve. The catalytic power of 0*5 grm* of the ground 
material was determined. The flasks were not sterilized. Dark controls were 
kept side by side with the exposed flasks. The results are given in Table I, 

Table I 


Showing the catalytic action of powdered her seem 


Serial 

Treatment 

Mg. nitrous 

No. 


nitrogen p©r 100 



c.c- 

n 

Exposed with the catalyst 

CO. 065 
(0*065 


Unexposed with the catalyst . . ... 

^ Nil 
iNil 

i 

Exp 3sed without the catalyst . . . . . 

C 0 . 004 
(0.006 


(2) To investigate whether the catalytic principles were heat-stable, half a 
gram of the material was taken in each of the four flasks containing fifty c.c. of 
water. Two flasks were heated in an autoclave for half an hour at 125°C. The 
catalytic power was determined in the usual way. The results (Table II) showed 
that these catalysts were heat-stable and that the oxidation observed was not 
due to the enzymatic activities of substances present in the plant material apd 
other bacterial decomposition. 

Table II 

Showing the action of heat on the catalytic action of herseem 


Serial! 


No. 


1 

2 

3 

4 


Unheated 

Heated 

S>> 


Treatment of the catalyst 


Mg, nitrous 
nitrogen per 100 

c.c. 


0.078 

0.068 

0.065 

0.065 
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In order to find out whether the catalytic power was confined to a particular 
tissue or mere diffused in nature, the parts like leaves, stems, and roots were 
separately sampled and their catalytic power was determined. Further, these 
samples were separately extracted with ether in Soxhlet extraction apparatus for 
twelve hours. The residues were further extracted with cold and hot water succes- 
sively. The catalytic power of the different tissues and their extracts corres- 
ponding to 0*5 grm. of the substance was deterniined, The results are given 
in Table III, 

Table III 


Showing the catalytic action of different tissues and their extracts 


Serial 

Treatment 

Mg. nitrous nitrogen per 

100 c.c. 

No. 


Roots 

i , 

Stems 

Leaves 

1 

Untreated . , 

0.069 

0.049 

0.033 

0.043 

0.063 

0.072 

2 

Ether extract . . . , . 

0.016 

0.016 

0.014 

0.020 

0.016 

0.016 

3 

Cold water extract ..... 

0.039 

0.039 

0.014 

0.017 

0.039 

0.039 

4 

Hot water extract ..... 

0.017 

0.017 

0.007 

0.007 

0.020 

0.020 


These show that : — 


1. The catalytic power of the leaves and roots was more than that of stem. 

2. The ether extracts of all the tissues were catalytic to the same extent. 

3. The water extracts were found to be much better catalysts. 

4. It appeared that the catalytic agents were almost completely extractable, 

as the total oxidation by the three made up the oxidation by the 
untreated material. 

very slight catalytic action *, pure cellulose prepared from 
cotton wool did not show any. 

As most of the catalytic power was confined to the water extracts, it was consi- 
dered that the role of soluble organic materials may be of importance in this process. 
Therefore the catalytic power of different carbohydrates was determined. The 
results (Table IV) showed that fructose, glucose and maltose acted as positive 
■ catalysts. . 
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Table IV. 


Shoiimig fJie catalytic action of the carbohydrates 


Serial 

No. 

Catalyst 

Mg. nitrous nitrogen per 100 c.c. 

iV/5 ammonia 

One per cent mono- 
ethylamine 

1 

Fructose .... 

Trace .... 

0.023 




0 019 

2 

Sucrose .... 

Trace 

0.007 




0.007 

3 

Glucose .... 

0.004 

0.013 



0.005 . . 

0.019 

4 

Maltose .... 

0.005 .... 

0.034 



Trace .... 

0.036 

5 

Starch .... 

,, . » • • 

0.008 



• • • * 

0.008 

6 

Control . 

.... 

0.008 



,, ... 

0.008 


For further confirmation of the catalytic action of glucose, five grams of starch 
was taken in each of the two flasks. One hundred c.c. of water was added in each. 
In one flask two c.c. of extra-pure hydrochloric acid was added. Both the flasks 
were heated for half an hour in an autoclave at 120'^C. 

Twenty c.c. of the emulsion was titrated with phenolphthalein as an indicator, 
and the amount of soda required to neutralize the acid was determined. The 
catalytic power of one gram of the hydrolysed starch was determined after neutra- 
lization of the free acid with sodium hydroxide. In the control flasks the equivalent 
amount of sodium chloride was added. 

Table V 


Showing the catalytic action of hydrolysed starch 


Serial 

No. 

Catalyst 

Mg. nitrous 
nitrogen per 100 
c.c, solution 


Starch + sodium chloride . . . , . 

1 0.010 

0.010 

2 

Hydrolysed starch + sodium chloride . . , , 

0.052 

0.055 

3 

Without any catalyst . • . . 

0.005 

0.005 


The results given in Table V showed that such strong reducing agent as 
glucose acted as positive oxidizing catalyst and that this was conclusively shown 
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to be due to the sugar and not to any microscopic impurity that may have bean 
present in the extra-pure sugar employed. 

The role of the green colouring matter of the plants in the oxidation 
process was further studied. For this purpose 0*1 grm. of pui’e preparations of 
crystalline and amorphous chlorophylls were used separately for determining the 
catalytic action. The results showed that both the substances had considerable 
catalytic power (Table VI). 

Table VI 

Showing the catalytic action of chlorophyll 


Serial 

No. 

Catalyst 1 

Mg. nitrous 
nitrogen per 100 
c.c. 

1 

Amorphus chlorophyll (phytyl) . . . . - ' 

0.071 



0.064 

2 

Crystalline chlorophyll (ethyl) ..... 

0.064 



0.052 

3 


0.005 


1 Without the catalyst ....... 

0.005 


The catalytic power of the tissues of berseem was unaffected by the age 
of plants as tissues derived from plants growing for different lengths of time gave 
almost the same catalytic value. The seeds of berseem plants however were found 
to have a slightly stronger catalytic action than that of other tissues. 

Further it was considered lil^ely that carbon dioxide may be evolved during 
the course of ] 3 hoto- chemical reaction, therefore the effect of carbon dioxide on this 
process was investigated. For this purpose four c.c, and eight c.c. of pure carbon 
dioxide gas was introduced in 300 c.c. dasks containing fifty c.c. of iV/5 ammonium 
sulphate solution and one gram of zinc oxide and sealed off. The results (Table 
VII) showed that carbon dioxide had considerable depressing effect. 

Table VII 

Showing the effect of carbon dioxide on the oxidation of ammonium sulphate 


Serial 

No. 


Treatment 


Mgs. of nitrogen oxidised per 100 c.c. 


Control 
4 c.c. CO 2 . 
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It has been observed that nitrogen can be assimilated in the ammoniacal 
form by plants under certain conditions. Eggleton [1935], while studying the 
transformation of various forms of inorganic nitrogen applied to the soil, found that 
the amount of nitrite present in the grass leaves increased two hours ' after the 
application of ammonium sulphate to the soil. This showed that the ammo- 
nium slats were oxidised in the plant. The results reported in this paper indicate 
how such oxidation is possible by photo-chemical means. 
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ABSTRACT 


An teednni 0I the eeciiirreitee of ChrysOmphatUs ahlrbhtii kfask ihil 
Laccifer laccm Kerr, on grape fruit in Ranchi District^ Chota Nagpur^ 
with a note on the Chalcidoid parasites of Aspidiotus oriePtuUk 
Ne'wst. P. M. Gloveb {Journal of the, Bombay Natural History Society 38, 
151 : August 1936. 

The host plants of Ghrysorn/phaVus aurantii in India are listed, of these a number 
are of economic importance, although (7. aurantii is a serious pest in many parts of 
the World, it is not of any great economic importance in this country. 

C. aurantii and the lac insect, Laccifer lacca, were both observed parasitic on young 
grape fruit {Gitrus decumana var. grandis) grafts in the Ranchi District, Chota 
Nagpur, —this is an example of lac as a pest. Of the sprays used to control (7. aurantii^ 
a kerosene -soap emulsion whose preparation is described was the most effective, a 
resin spray proved satisfactory. Lime-sulphur is not recommended as it scorched 
foliage severely. 

A short description of the female scale is given, and certain difierences from the 
normal in the pygidium of the female insect are described, believed to be local varia- 
tions. Of these that of greatest interest is that the external paraphyse of the second 
lobe is greatly reduced and may be absent, and that a distinct club-shaped 
thickening of the cuticle of the dorsal surface arises from the base of the third 
incisura, whose structure is exactly that of a paraphyse, but whose disposition is 
abnormal. The pygidium is figured. 

The Aphelinid Aphytis chrysomphali Mercet was taken resting on a twig infected 
with (7. aurantii, this species was also bred from Aspidiotus orientaUs, This is thought 
to be first record for India. The Encyrtid Gomperiella hifasciata How* is a common 
parasite of A, orientaUs and is recorded from India for the first time, and is the 
second species of the genus known to occur in this country, the other being O. indica 
Ramkrishna Ayyar, other Ghahidoidea bred from A. orientaUs were Physcus sp. (near 
flaviventris How.) rarely ; Tetrastichus purpwreus Cam, as a primary and probably 
also as a secondary parasite, and Marietta javensis HlOW* as a hyperparasite of 
primary Ghakidoid parasites of the Goccid. {AiUhor^s abstract) 
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A DISEASE OF GYPERUS TEGETIF0BMI8 ROXB. 
CAUSED BY KAWAKAMIA CYPEBI (MIYABE 
AND IDETA) MIYABE 

BY 

0. B. SAHAYA, 

, Imperiallnstitute of Agricultural BesmrcJh, Pusa 

(Received for publication on 30th March 1936) 

(With Plate LV) 

Oyperus tegetiformia Roxb. is found in low and wet places throughout Bengal, 
Assam and Bihar, flowering during the rains. It also occurs in China and Japan, 
and has been cultivated in the Southern States of America. In Bihar it is collect- 
ed as a fodder, and for some years past a diseased condition of its twigs and leaves 
has been noticed during the rainy season. 

In the early stages the affected culms are bright yellow and with the progress 
of the disease they become reddish brown. Finally the cells in the infected tissues 
collapse and the culms wilt. Transverse sections of the affected parts show exten- 
sive unseptate mycelium ramifying in the tissues both intra — and intercellularly. 
Oospores are also occasionally observed. Incubation of affected plants in a damp 
chamber leads to rapid growth of the cobwebby mycelium, and to development of 
conidia. 

The conidia have a prominent beak, and a peculiar cell which persists as an 
appendage or pedicel. The beak very easily breaks off leaving the spore with an 
abrupt flattened apex, and it is rather difficult to get a conidium with the beak 
attached. The conidia without the beak are 30-70[x in length and 20-35pL in width, 
the mean being 49[x X21(x. . These measurements are based on the examination of 
200 conidia ; the beak was found attached in only fifty -six conidia, and the range 
of the length was 3-15pi and the mean 5* 3|x. 

The fungus is that described by Miyabe from Japan as Kawahamia Gyperi 
[Miyabe, 1904]. 

It has also been reported as a serious disease by Patterson [ 1910] in Texas 
and South Carolina, where Cyperua was introduced for the manufacture of matting. 

Miyabe gives the maximum size of conidia as 68x32(x whereas Patterson 
obtained comdia up to 130 x30ja, ThePusa strain agrees more closely in size of 
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coBidia with the measurements from Japan. Comparison with a herbarium 
specimen from Texas, however, shows that in general symptoms produced it agrees 
with the Texas strain. 

Fitzpatrick [1930] considers that there is not sufficient reason for separating 
Kawdkamia from the genus PTiytojpMhora, Wilson [ 1914 ], on the other hand, consi- 
ders it most closely allied to Basidiophora, The principal arguments for differen- 
tiating Kawahamia as a separate genus are the presence of the characteristic, large 
pedicel and the inability of the fungus to grow on culture media. 

This is the first record of Kawahamia Cyperi from India. 


BEFEEENCES 

Fitzpatrick, H, M. (1930). The Lower Fungi : Phycomycetes,^ McGraw-Hill, New 
York. 

Miyabe, K. (1904). Kawahamia, a new genus belonging to Peronosporaceae on 
Oy'pefrus tegetiformis (English summary). Shokwabo, Tokyo. 

Patterson, E. W. and Charles, V. K. (1910). £7. S* Dept* of Agric. Bureau of Plant 
Industry Bull, 170. pp. 7-9. 

Wilson, G. W. (1914). Mycologia 6, 192-193. 



A BHIZOOTONIA ON SWEET POTATOES IN BOMBAY 

BY 

B. B. MUNDKUR 

Imperial Imtitute of Agricultural Research^ Pusa 
(Received for publication on 29th April 1936) 

(With Plate LVI) 

In February 1936 the writer observed in a road-side shop at Kodibag, near 
Karwar in the Bombay Presidency, several sweet potatoes, Ipomoea batatas Poir., 
that were apparently suffering from disease. The fleshy roots were very much 
reduced in size and shrivelled and on the surface of their skin, which was red, 
there were two, three or sometimes four large sclerotia-like bodies such as are 
seen on the surface of Irish potato tubers suffering from Black Scurf. An exa- 
mination later of the sweet potatoes offered for sale in the Karwar market indi- 
cated that the disease was rather common and that these fetched a very poor 
price. They came from the neighbouring villages but more information could 
not be gathered. 

With a view to seeing whether the disease was common in the other parts of 
the Presidency, a visit was paid to the Null bazaar and Crawford markets in the 
city of Bombay. The sweet potatoes offered for sale were of the white-skinned 
variety but none of them showed the suspected sclerotia. Whether the roots had 
been graded and only the better ones sent to the city could not however bo 
ascertained. 

The sclerotia when sectioned showed rectangular cells whose walls were thickly 
incrusted with a black substance. They were rinsed in alcohol, flamed and placed 
on agar slopes. Hyphae became perceptible in the culture tubes on the third day 
and profuse mycelial growth on the sixth. After the tenth day, sclerotial forma- 
tion had started. 

The mycelium is hght brown, silky, and grows on the walls of the tube. The 
young hyphae branch freely and fusing hyphae are frequently noticeable. The 
branches are, as a rule, acute-angled, constricted as they leave the parent hypha 
and the septum is a little beyond the place of origin. The cells of the hypha are 
subhyaline, 6 to 10^ in thickness and about 50 to 176^ in length. Sclerotia form 
slowly in culture, and they are irregular in shape and size. They are addressed, 
irregularly round, and several of them may coalesce to form a crusty, brittle 
stromatic mass. They i^aye tg be soaked in lacto-phenol for several days before 
they can be sectioned^ 
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The abo Ye characters indicated that the fungus is a strain of Rhizootonia solani 
Kuhn B. and C.). When compared with cultures of J?, solani 

that were in the laboratory, one of which had come from Dr. H. H. Whetzel and 
another from Mr. S. F. Ashby, no doubt was left regarding the identification. 

A Rhizoctonia-iot of sweet potato plants has been known for some years in the 
U. S. A. and Harter and Weimer [1929] mention that sclerotia have been found 
on the surface of the fleshy roots. How far the sweet potato plants are also 
affected here by this fungus, it was not possible for the writer to ascertain as there 
was no crop in the villages round Karwar at the time. 

RMzoctonia solani has not so far been reported on sweet potatoes in India as 
neither Butler and Bisby [1931] nor Uppal, Patel and Kamat [1935] mention it on 
this host. In addition to making the sweet potatoes unsaleable, it is possible 
that the fungus may cause damage to the crop as well. 

Diseased specimens of the fleshy roots have been deposited in the mycolo- 
gical herbarium of this Institute. Plate LVI shows three of them with sclerotia 
on the surface, the position of the sclerotia being marked 
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REVIEW 


A comparative Study of certain morj^hological characters of sugarcane X 

sorgo hybrids. B. A. Bouej^^e. {Journal of Agricultural Research^ VoL 50t 

No. 6 : ISth March 1936). 

The article gives in some detail the morphological and other characters exhi- 
bited by certain intergeneric hybrids between sugarcane and sorghum raised in 
Florida during 1931-32 and 1932-33. 

The studies were made on a population of 128 hybrid plants with the sugar- 
cane variety P. 0. J. 2725 as the mother parent ; the male parents employed 
included (1) Taxas Seeded Eibbon, (2) Early (Kansas) Orange Sorgo, and (3) 
Sugar Drip Sorgo. The studies reported were chiefly on hybrids with Texas Seeded 
Ribbon Sorgo. 

A rather interesting observation in this article is that “ sugarcane stigmas in 
India have an osmotic pressure very much nearer the optimum for sorgo pollen 

germination than in either Hawaii or Florida^’, This, according to 

the author, explains the greater ease with which the intergeneric cross between 
sugarcane and sorghum has been carried out at Coimbatore in India. To ensure 
success under Florida conditions the sugarcane arrows were covered with a bag 
from late evening till about 10 a.m. on the succeeding day to prevent reduction 
of osmotic pressure in the sugarcane stigmatic fluid from rain or dew. 

The hybrid plants were found to be intermediate between the two parents in 
leaf-width and stem-diameter, while in height their average was signiflcantly less . 
than that of either parent. The bud groove on the internode, so characteristic 
of sorghum, was evident in quite a large number (41 out of 47) of the hybrids. 
In the inflorescence the sorghum blood was indicated by the frequent presence of 
the awned IV glume. The hybrid inflorescences exhibited characters, not present 
in either of the parents such as multiple ovaries and multiple stigmas. The hybrid 
spikelets were often found to be larger in diameter than those of sugarcane — an 
obvious influence of sorghum blood. The study includes relative widths of epider- 
mal cells, the distribution of the characteristic short cell groups, the relative number 
of stomata on the stem epidermis and the presence and distribution of cork and 
silica cells. The results recorded are of considerable botanical interest. No 
indication is given of the juice qualities of the hybrids. 

The first report of intergeneric hybridization between sugarcane and sorghum 
was from Coimbatpre in 1930. Since then such hybridization has been succesrfullv 
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iftected in flawaii, Mauritius, Florida and Jat^a* As mentioned by the authot, 
the morphological characters exhibited by the hybrids in Florida are very similar 
to those described from Coimbatore* The mother parent employed at Coimba* 
tore during the first years was also P. 0. J. 2725, but the father parent was Sot* 
gJhum Durr a Stapf. The reciprocal cross with sorghum as mother parent was not 
successful in Florida as also at Coimbatore. (T. S. V.) 
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J. F. SHAW, OXE., B.So., A.R^O.S., FX.S., I.A.S. 



OBITUARY 


We regret to announce the death of a member of our Editorial Committee, 
Dr. E. J. F. Shaw, C.I.E., D.Sc., A.R.C.S .5 F.L.S., LA.S., Officiating Agricultural 
Expert, Imperial Council of Agricultural Research, who was the permanent 
Director of the Imperial Institute of Agricultural Research. The Indian Agri- 
cultural Service has lost one of its most distinguished and valued members. Dr. 
Shaw died at Pusa on the morning of July the 29th. He had gone there on tour 
to advise regarding some final details of the transfer of the Institute to its new 
building at Delhi. 

Dr. Shaw entered the Indian Agricultural Service in 1910 and was first posted 
to the Imperial Institute of Agricultural Research as Supernumerary Mycologist. 
Except for the short time spent at Coimbatore as Mycologist to the Madras De- 
partment of Agriculture, he spent the whole of his service at the Pusa Research 
Institute where he became the Second Mycologist and eventually succeeded 
Sir Albert Howard as Imperial Economic Botanist when the latter became Director 
of the Institute of Plant Industry, Indore, Between 1929 and 1934 he was Joint 
Director for a considerable period and in the latter year he succeeded Dr. McRae 
as permanent Director of the Institute. 


An aU-round Botanist with a broad scientific outlook. Dr. Shaw has a very 
considerable volume of successful research to his credit and his name will always 
be particularly associated with the progress made in the improvement of Indian 
tobacco and various oil-seeds. As a post-graduate teacher he achieved reputa- 
tion throughout India and many officers occupying responsible positions in Pro- 
vincial Agricultural Departments owe much to his wise guidance and the training 
in research technique which he gave them. The planning of the new Institute 
at New Delhi was almost entirely his work and, though he had the satisfaction of 
seeing the completion of the buildings and of the arrangements for transfer, it was 
not given to him to enter into residence at the new Institute with which his name 
will be for ever associated. 
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The Indian Journal of Agricultural Science, Volume VI, Pt. V, October 1936 

Page 1024, line 18, for 'semi-concious’ read ^semi-conscious’. 

Page 1027, Table, line 11, for 'containig’ read 'containing’. 

Page 1029, line 16, for 'desposited’ read 'deposited’. 

Page 1106, last line, for 'A. J. L.’ read 'A. J. I.’. 

Page 1129, Table IV, last row of columns 4, 7 and 10, for '10 — 6’ read, ‘10'~®’ 
and last but one row of column 7, for ‘x’ read 'x^’ 

Page 1130, line 15, for 'paint’ read 'plant’. 

Page 1159, line 21, against price of ^Review of Applied Entomology^ 'A’ 
should be below 'Series’ and above ‘30 5.’ and 'B’ should be below 'Series’ and 
above '15 5.’, 
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I. Introduction 

It is well known that Schistocerca gregaria Forsk. hoppers show marked 
colour variations, ranging from light green to dense black with yellow spots. It 
is held by Uvarov [1928], and others, that this coloration is connected with the 
‘ phases ’ — solitaria and gregaria. A typical ^ non-swarming ' or a solUaria 
hopper is almost spotlessly light green, while a typical ‘ swarming ’ or a gregaria 
hopper has extensive black pattern. Intermediate colour grades are not uncom- 
mon. In fact the grading, from spotlessly green to intense black, is so gradual that 
it is impossible, on the basis of coloration, to draw a line between the so-called 
swarming and non-swarming forms. For this reason some investigators recognise 
the following forms : soZftona, transiense, and gregaria \ and yet others solitaria ^ 
dissocian$y"co7igregans and gregaria. Nor is the coloration of a hopper predeter- 
mined or fixed." A non-swarming green hopj)er, even in the course of a single 
moult, may acquire the colour compliment of a ' regulation ’ swarming-type 
hopper and vice i^ersa. Thus the coloration of a hopper, for example in the fifth 
instar, is practically independent of its coloration at birth. It is well known that 
the locust hoppers when bred crowded together retain, if horn as such, or develop 
the colour patterns characteristic of the hoppers of a swarm. On the other hand, 
w’hen bred singly, if horn green they do not develop the black pattern, and if born 
black they lose their colour after a moult or two and finally acquire the green 
coloration characteristic of a non-swarming phase hopper. 

It has been possible, in more ways than one, to induce, in the originally pure 
green hoppers, the coloration of the swarming-type without resorting to ^ crowd- 
ing The production of black pattern in the hoppers bred isolated, but forced 
to undergo muscular exertion has already been described [Husain andliCathur, 
1936]. In this paper it is shown that the black pigmentation of the same pattern 
as is found in gregarious hop|)ers in nature, or in hoppers bred crowded, can be 
developed in hoppers bred isolated, if the concentration of carbon dioxide in the 
atmosphere of the rearing cage is kept high enough. 

II. Material and method 

Freshly hatched hoppers were reared in cages of fine wire-gauze. Each cage 
was a cylinder measuring six inches in len^h'and 1 * 25 inches in. diameter. These 
eages were placed in a glass cylinder (14 inches in height and 8 inches in diameter), 
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and were arranged along its wall at a distance of about one inch from each other. 
In the middle and near the bottom of the glass-cylinder, opened the delivery tube 
of a carbon dioxide generator. A constant current of carbon dioxide was allowed 
to pass into this cylinder. The mouth of this cylinder was covered over with a 
card board ; thus any excess of air could pass out freely. The concentration of 
carbon dioxide in the cylinder, three inches above the bottom, was maintained, 
approximately, at three per cent, by volume. In some of the experiments carbon 
dioxide was generated by the action of hydrochloric acid on marble. In order to 
remove all trace of hydrochloric acid fames from the gas, it was bubbled through 
water before being introduced into the rearing cylinders. In other experiments 
commercial carbon dioxide gas under pressure (in cylinders) was used. 

Four of the experiments were carried out in the rearing room at an average 
temperature of 30®C. ; and experiments V and VI were conducted in electric 
thermostats at constant temperatures of 40®C. and 44°C. Each experiment had a 
control and the hoppers belonging to the same hatching and isolated in similar 
cages, were reared in similar glass cylinders. Thus the control hoppers and the 
experimental hoppers were under identical conditions, except for the excess of 
carbon dioxide in the case of the hoppers under experiments. The food supply, 
which was renewed thrice a day, consisted of cotton or cabbage leaves, as specified 
in individual experiments, and this kept the relative humidity high, (80— 90 per 
cent). 

III. Obsebvatiohs 

Before entering upon the details of the observations made, a word of explana- 
tion with regard to the influence of temperature on the intensity and extent of black 
pigmentation, acquired by the hoppers bred crowded, is necessary. Other factors 
being constant, the intensity and extent of black pigmentation within certain 
limits, varies inversely with temperature. At SO^^O., for example, the black pig 
mentation of hoppers bred crowded is very pronotmced, at 40°C. it becomes much 
reduced, while at 44®C., the hoppers are almost whitish. 

It may be mentioned here that an isolated hopper reared, in an atmosphere con- 
taining three per cent carbon dioxide, at a particular temperature closely resembles, 
so far as the intensity and extent of black pigmentation is concerned, the hoppers 
bred crowded at that particular temperature. Thus a hopper reared isolated at 
30°C. in an atmosphere containing higher concentration of carbon dioxide, will 
acquire approximately the same intensity and extent of black pigmentation in 
the fifth instar as a crowded hopper of that instar at that temperature. Husain 
and Ahmad [1936] have studied the development of black pigment in crowded 
hoppers of ScMstocerca gregaria at certain constant temperatures and have fully 
described and illustrated (with coloured plates) the coloration of the hoppers 
at each stage. For this reason it has not been considered necessary to describe the 
coloration at each stage and the descriptions of typical V stage hoppers only, as 
obtained under the influence of carbon dioxide, are given. 
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In what follows the term ** Black type ”, refers to that intensity and extent of 
biaek pigmentation, which a hopper bred crowded normally acquires at a particular 
temperature. It must be remembered that a hopper referred to as ^^Blach type ”, 
say at 40°C., shows the black pigmentation tj^-pical of the hoppers reared crowded 
at 40®C„ bnt may not be as strongly pigmented as a hopper bred crowded at 30®C. 
In certain cases the intensity of pigmentation, obtained under the influence of 
carbon dioxide, was even higher than that of the hoppers bred crowded at that 
temperature. Such cases have been referred to as strongly black type Oreen 
type refers to hoppers devoid of all black markings, but the term does not indicate 
the intensity of the basic green colour. For coloured plates illustrating the two 
types reference may be made to in an earlier publication [Husain and Mathur, 
1936]. 

A. Experhnent I 

The hoppers in this experiment were taken from two hatchings, 

HistoTy.~BeieTm.ee No, P 54 and P 57, 

The solitary phase adults of both the pairs were collected from Pasrd (Makran 
coast) on 8th August 1932, and were received at Lyallpur on 19th August 1932, 
and reared in pairs in wire-gauze cages measuring 9-in. x 9-in. x 9-in. Females 
P 64 and P 57 laid a cluster of eggs each on 31st August 1932. Both the egg pods 
hatched on 14th September 1932, and the hatchings were pure green, the progeny 
of P 64 and F 57 consisting of 62 and 64 green hoppers respectively. Thus the 
hoppers from both these hatchings showed distinct * solitaria ’ tendency. 

Conditions, — ^The hoppers were isolated and bred in an atmosphere containing 
excess of carbon dioxide, from 14th September 1932 onwards. 

Food, — Cotton leaves were provided for feeding and were changed thrice a day. 

The temperature of the laboratory where the hoppers were reared was 

Highest maximum . . 35®C, Highest miniinum . . 32®C. 

Lowest maximum , . 29*5°C. Lowest minimum . . 25 °C. 

Average maximum . 3l*8°C. Average minimum . . 27 *7^0. 

Average mean temperature; — 29*7°C. 

B, Experiment II 

History, — ^Reference No. P 55. 

The solitary phase adults were collected from Pasni on 8th August 1932 and 
were received in the laboratory on 19th August 1932. They were placed in pairs 
in wire-gauze cages measuring 9-in. X 9-m. x 9-in. The date of egg-laying was 
not recorded. The hoppers hatched out on 21st September 1932 and the hatching 
was a mixed one, consisting of fifteen green, ten intermediate and forty- three black 
hoppers. Only green hoppers were selected for this experiment. These hoppers 
belonging to a mixed hatching did not have the solitaria tendency of the hoppers in 
experiment I, but when bred in isolation developed marked solitaria coloration. 
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The hoppers were bred in isolation in an atmosphere containing 
excess of carbon dioxide. 

JPooi.— Cotton leaves changed thrice a day. 

The temperature of the rearing room during the experiment was : — 

^ . 33'5°C. Highest minimum . . 29*2°C, 

Lowest maximum . . 29°C. Lowest minimiim • , 25®G. 

Average maximum . 31*8°C. Average minimum . . 27*8°0. 

Average mean temperature : — ^29 * 8®C. 

G. JExperimeTd III 
History . — ^Reference No. P 53. 

The solitary adults were collected from Pasni on 8th August 1932 and were 
received at Lyallpur on 17th August 1932. They were reared in wire-gauze cages 
measuring 9-in. x 9-in. x 9-in. The date of egg-laying was not recorded. 
Hatching was a mixed one, consisting of fifty-six green and five intermediate 
hoppers. Only green hoppers were taken for this experiment. Thus the solitaria 
tendency of these hoppers was less marked than that of the hoppers used in 
experiment I, but more than that in the hoppers in experiment II. 

Conditions . — ^The green hoppers were isolated and bred in an atmosphere 
containing excess of carbon dioxide from 11th September 1932 onwards. 

Food . — Cotton leaves changed three times a day. 

Temperature of the laboratory during the experiment was — 

Highest maximum . . 35°C. Highest minimum . . 30°C. 

Lowest maximum . . 29°C. Lowest minimum . . 25 *5®C. 

Average maximum , 31‘7®C. Average minimum , , 27'6®0. 

Average mean temperature ; — ^29 * 6®C. 

JD. Remarks on experiments, I, II and III 
These experiments were conducted in a room where the temperature during 
the experiment varied from 25°C. to 35°C. and the mean average was approximately 
30®C. This was the lowest temperature tried in this investigation. Thus, as ex- 
pected, the intensity and extent of black pigmentation acquired by the hoppers 
in these experiments was the greatest. The progress of black pigmentation 
acquired from instar to instar by these isolated hoppers under the influence of 
carbon dioxide, as well as the state of coloration (from instar to instar) of isolated 
hoppers in the control, reared in an ordinary atmosphere is indicated in Table I. 


Table I 

Progress of pigmentation from stage to stage in hoppers in experiments, I, II and III 
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Experiment I was started with pure green hoppers of first stage, which were 
the progeny of ‘ solitaria ’ parents. Whereas the control hoppers remained 
green throughout the hopper stages, all the hoppers reared m an atmosphere con- 
taining excess of carbon dioxide, with the exception of one (P fid-fiT/COgC), were 
intermediate, i,e., showed some pigmentation, even after the first moult, i.e., m the 
second stage. During the next stage they were all ‘Bloch type’, and in the 
fourth and fifth stages all the surviving hoppers were ‘ Bloch type’ . Some of them 
had more intense and more extensive black pigmentation than a typical hopper in 
a crowded rearing at 30°C. and these forms have been described as “ Strongly blach 
type” (Plate LVIII, fig. 1). The duration of the hfe-cycle of these hoppera is 
given in Table II. All the hoppers in this experiment, which had survived, 
had an extra moult which we have called III“b*. Hone of the control hoppers 
had an extra moult. 

Table II 

Life-history of hoppers in experiment I 

Reference No. P 54-67 . 

f Average maximum 31 • 8°0. 

Room temperature ^ Average minimum 27 • 7°C. 


Days 

Dates 

(1932) 

Experimental 

Control 

A 

0 

D 

E 

F 

1 

2 

4 

1 

14th Sept, 

I 

I 

I 

I 

I 

I 

I 

I 

2 

15th 

9f • 









3 

16th 

» • 









. 4 

17th 

99 * 









6 

18th 

99 • 









6 

19th 

99 * 

II 


II 


II 

II 

II 

II 

7 

20th 

99 • 


II 


II 

Died 




8 

21st 

99 * 









9 

22nd 

99 • 









10 

23rd 

99 • 









11 

24th 

99 • 









12 

25th 










13 

26th 

99 * 

Ill(a) 



in (a) 


III 

III 

HI 

14 

27th 

99 • 


III (a) 

in (a) 1 






15 

28th 

99 * 



( 






16 

29th 

99 • 



1 






17 

30th 

99 * 









18 

1st Oct, , 

III (6) 

ni (6) 

III (b) 






19 

2nd 

99 • 




III (6) 





20 

3rd 

99 * 









21 

4th 

99 • 









22 

5th 

99 * 









23 

6th 

99 • 


IV 







24 

7th 

99 * 

i 


IV 







* The extra instax is between the normal third and the normal fourth instars. The 


hopper approaches the fourth instax hopper in. size, but resembles the third instax hopper 
in structure, nptably the wing-pads. 



STUDIES ON SCEISfOCJSRCA OREGARIA PORSK, VIEJ 


Table II — contd. 


Days 

Dates 



Experimental 


Control 

(1932) 

A 

B 

1 C D 

E E 

■ 

G [ H K 

1 

21st Sept. . 

I 

I 


I I 

I I 


I I I 

2 

22nd 

99 • 








V 3 

23ird 

99 • 








4 

24th 

99 *' 








. ' 5: 

25th 

99 • 








6 

26th 

99 • 








7 

27th 

99 * 

II 

II 


Ti n 



II II 

8 

28th 

99 • 





II 



9 

29th 

99 • 





II 



10 

30th 

99 * 

Died 






II 




(Acci- 










dent) 








The hoppers in experiment II were ‘ green ’ hoppers from a mixed hatching 
which had a predominance of ‘ black ’ hoppers. The parents were ‘ solitaria 
In this case all the control hoppers showed some gregaria tendency in II stage, but 
in all the subsequent hopper stages they were of ‘Green type'. |,The experimental 
hoppers in practically aU cases acquired the extent and intensity of black pigmen- 
tation of ‘ Black type ' even in the II stage. During the subsequent stages they 
were, ot oomaQ,' Black type' (Table I). The duration of their life-cycle is given m 
Table III. 

Table HI 

Life-history of hoppers in experiment II 
Reference No. P 55, 

■ ^ , r Average maximum 31-8°0. 

Room temperature I 27- 8°C. 


Control 


Experimental 


Dates 

(1932) 


Days 


25 8th Oct 

26 9th „ 

27 10th „ 

28 11th „ 

29 12th „ 

30 13th „ 

31 14th „ 

32 ( 16th „ 

33 16th „ 

34 17th „ 
36 18th „ 


V Died V 
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Table lll—-contd. 


in V 



V JLJ, 

^Mention may be made of the fact that occasionally, during these exneriments 
m had hopper, whieh had a deep bro«, patten fa plai of the tnal bM nXm 

cei~SrfT teCaf^Xn” * “““ 

sSthifa^^aS' ““"X? ‘^*^«s“ooXfaroUdS:S 

ofthelSertZ^r” the dereloptental aero 

TaU^X”''*'™ ’“’PPof* ta e^riment m ia given fa 



Days 


idl5 
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Table IV 

Life-Mstory of hoppers in experiment III 

^ ^ (-Average maximum 31‘7'^C. 

Room temperature | Average miiumum 27-67“0. 
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To give an idea of tke extent of pigmentation acquired under experimental 
condition in experiments I, II and III we give below a brief description of a 
representative fifth instar hopper, described in Table 1 as ^ Blach type ’ : — 

E. Coloration of V stage hopper reared singly in an atmosphere of three per cent 
carbon dioxide at [Plate LVII]. 

{%) General colour, — Black predominates ; basic colour usually pale yellow. 

{ii) Head: Frons. — Greenish yellow with fine black dots. Black at earinae. 

Clypeus. — ^^^'entral portion -dull blackj dorsally lighter. 

Black. 

—Deep black on either side of the greyish epicranial suture. Deep 
black colour running down behind the eyes and joining the deep black sub-ocular 
genal stripe. Post-ocular area brown to black. 

Gcm.— S ub-ocular genal stripe deep black and broad. Area behind the stripe 
yellowish brown. 

Antenna. — Black except laterai aspect which is brown. 

Mandibles. — -Black. 

Maxillce. — Dull white ; palpi black. 

Labium. — Dull white ; palpi black ; galea black. 

(iiij Cervical sclerites . — Black. : . 

(iv) Thorax : Pronotum.. — Basic colour greenish yellow dr yellow ; white along 
the lower margin and the anterior and posterior margins ; anterior upper half 
margin often yellow^ ; keel white behind the post-sulcus and black in front. Entire 
area in front of anterior sulcus black with yellow specks. This black area runs 
downwards in front of the anterior sulcus and joins lateral black patch; lateral 
black patch extends from anterior margin to posterior margin behind and 
ventral margin below. The dorsal margin of this lateral' pattern slanting from 
anterior sulcus to middle of the posterior margin. There is a black metazonal 
triangular area separated from the lateral pattern by a small area of pale yellow 
colour. The extent of this area varies. 

Meta-episternum \ Black. 

Meta-epimeron } 

Sternum : — Dirty browm with numerous irregular black patches. 

{v) Leg: land II pair . — Dirty white with numerous smoky spots, Trochaii- 
ter yellow. Demur yellow. Head of tibia and tarsi light brown. Claws brownish^ 


* Eor full description reference may be made to TwiZ. i/. Agaric. Sci. 6: 624-64. 



PLATE LVII 


Fig. la. Pronotum, 
lateral view. 


Fig. 15. Abdominal segments ITI-V. 
lateral view. 


Fig. 1. II stage hopper reared isolated at 30°C. 
in excess of carbon dioxide. 


Fig. 2a. Pronotum, 
lateral view. 


Fig. 25. Abdominal segments ITI-V, 
lateral view. 


Fig. 2. Ill stage hopper reared isolated at 30°C 
in excess of carbon dioxide. 


Fig. 3a. Pronotum, 
lateral view. 


Fig. 35. Abdominal segments III-V. 
lateral view. 


IV stage hopper reared isolated at 30°C. in excess 
of carbon dioxide. 


Fig. 4a. Pronotum. 
lateral view. 


Fig. 45. Abdominal segments III-V, 
lateral view. 


Fig. 4. V stage hopper reared isolated at 30°C. 

of carbon dioxide. 
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/JJ j9a^V— Mn^^/emur— Mnscle4mpression from the head of femur to 

about 7/8 of its length black. Tibia-femur joint black. Spurs black. Tarsi 
black. Pads light brown. Tibia up to fir^ spine of anterior row light black. 

(vi) Abdomen : Dorsal Black with white triangular areas at the pos- 

terior margin of each segment. 

Segment I. — ^l¥hitish all over. 

Bemaining segments.— Five black spots along the posterior margin^ often 
fused with streaks in front. The lowermost of these spots fuses with a rather 
wide ventral straight streak ; in front of the third and fourth there are irregularly 
arranged spots. The fifth spot runs into the dorsal black streak. 

Ventral side . — ^Yellow with many black dots. 

It may be stated that at this temperature there appeared, now and then, some 
hoppers that had the patterns of brownish black colour with a sort of difiused 
coloration of a lighter hue (Plate LVIII, fig. 3). 

When compared with hoppers bred crowded at 30®0. the pigmentation here is 
more intense as well as more extensive. The BZaeJfc representatives of II- V 

stages reared under these conditions are illustrated in Plate LVII, figs. 1-4. 


F. Experiment IV 


History . — ^Reference No. of parents : L 326. 

The parents were laboratory bred and paired in the adult stage. The eggs 
were laid on 18th March 1933 and the hoppers hatched out on 5th April 1933. The 
hatching was a mixed one and consisted of thirty-eight green and four intermediate 
hoppers. The hoppers used in the experiment were green. Thus the ‘ solitaria * 
tendency was of the same degree as in the hoppers in experiment III. 

Conditions . — ^The experiment was started on 6th April 1933 at 40‘^C. in a 
thermostat. Two of the hoppers (N and P) were bred during the 1st stage under 
normal atmospheric condition at 40°C. and were transferred to the carbon dioxide 
atmosphere at the beginning of the second stage. The control hoppers were also 
reared at 40-0^ 

jBemari5."-^Taking into account the high temperature, the extent of black pig- 
mentation in some cases was very marked indeed. The state of black pigmenta- 
tion in' V stage hopper described in Table V as stroncilv black 
Ptete' LYin^ 


Progress of pigmentation from stage to stage in hoppers in experiment I V 



* These hoppers were reared la ordinary ataaosphere daring their first instar^ 
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Table V stows the progress of pigmentation acquired from stage to stage, 
and the duration of the life-history of the hoppers is given in Table VI. Below 
is given a brief description of a typical V stage hopper reared at 40°0. in an atmos- 
phere containing three per cent carbon dioxide. 


Table VI 

Life*history of hoppers in experiment IV 


Reference No. L.326. Temperature 40‘'C. 


Bays 

Bates 1933 


Experimental 


Control 

A 

F 

H 

N 

P 

J 

M 

1 

6th April 

I 

I 

I 

I 

I 

I 

I 

2 

6th „ 








3 

7th „ 








4 

8th , • 








5 

9th „ 








6 

10th „ 

II 

II 

II 

II 

n 

II 

n 

7 

11th „ 








8 

12th „ 



Bied 





9 

13th ,, 


Ilia 






10 

14th „ 




Ilia 

nia 

III 


11 

15th „ 

Ilia 

im 




Bied 


12 

16th „ 








13 

17th „ 








14 

18th „ 

III6 



III6 

III6 


in 

16 

19 th „ 








16 

20th „ • 








17 

21st „ 


IV 






18 

22nd „ 

IV 







19 

23rd „ 








20 

24 th ,, 

/ 



IV 

IV 



21 

25th „ . 




Bied 



IV 

22 

26th „ 








23 

i 27th „ 


V 



V 


Bied 

24 

28th „ 

V 







26 

29th „ 

Bied 







26 

30th „ 
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6, Coloration of a typical F stage hopper reared isolated in 
three per cent carboii dioxide at iO^G, 

' 2a,2bl 


an atmosphere containing 
[Plate LVIII, Figs. 2, 


(i) General colour. pattern less extensire but brighter than at 30®C 
Ground colour bright yellow. 


{ii) Head : Frons. — ^YelloWj a tinge of green at the frontal carinae, 
Glypeus.—Dorml half bright yellow, ventral half greyish yellow, 

--Yellowish in the middle, white at the margins. 

Vertex. ^Black on both sides of the greyish epicranial suture. 

^ (?eji«.-YeUow and black; sub-ocular genal stripe black and continued into 

tie broTOish. narrow area running behind the compound eyes, 

Post-gena. — Light brown to light black. 


Basal five and distal five segments brownish, remaining segments 
dorsally smoky and ventrally brownish. ® egmenrs 

Mandibles. ^Teeth black, exposed portion yellowish. 

Maxillae, Labium.— T>\iQ. white with a tinge of yeUow at places. 

{iii) Gervical sclerites. — Strongly smoky. 

(w) T^rax :Prono«Mw.— Black with bright yeUow dots. Ventral and posterior 
rgiM wMte and run into median metazonal line. Keel white in metaLnal re- 
gion, t.e., behind the hind sulcus, yellow in front. Prozona black, with bright 
^Uow dots. Greemsh black patch on the lateral region at base of post sulcL 

»" ««>; 

wia blaok .* 

Meta-epistemum. — ^Yellow. 

iIfeto.epmerim.-YeUow with anterior and posterior black margins. 

Sternum. — ^Uniformly yellow. 

{v) Leg: I and II ^air.—Temuv and tibia yellow Tar^i n 
of claws dark brown. ^ ^Ps, 

III pair— hind femur.— A narrow black pattern on tha • 

M I .»i77.^*._tr.a'»rmlryenow ,- DO fc* DiMKogo, 



Fig. 16. 

Abdominal seg- 
ments III-V, ^ 
lateral view. 


Fig. la. Pronotum, 
^^***®*^ lateral view. 


Fig. 1. V stage bopper, 'Strongly Black Type’ at 30°C. 
in excess of carbon dioxide. 


Fig. 26. Abdominal segments 
III-Y, lateral view. 


Fig. 2a. 

Pronotnm, lateral view. 


Fig. 2. Y stage Hopper 'Strongly Black Type’ 
at 40°C. in excess of carbon dioxide. 


Fig. 3a. 

Pronotnm, lateral view. 


Fig. 3c. THorax and abdomen, 
Dorsal view. 


Fig. 3. Y stage hopper reared at 30°C. 
in excess of carbon dioxide 
(special brownish colour). 


Fig. 36. 

Abdominal segments 
III-Y, lateral view. 
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III to VIII segmeifds.—IA^t black median dorsal streak with wMte triangular 
areas at posterior margin of each segment. Kve black elongated dots at posterio- 
lateral margin of each tergum, ventral — most dot is united with narrow light black 
streak which is fainter anteriorly ; in front of second dot a faint brown streak ; 
opposite the third and fourth dots irregular small two or three dots ; the iSfth 
dot runs into narrow black dorsal streak. 

IX segment, — A faint dorsal and a faint ventral streak. 

X segment. — ^Uniformly yellow. 

This colour approximates fairly closely with that of the hoppers bred crowded 
at 40‘^C. [Of,-^Ind- J. Agric, Sci, 6, 624— 64]. 

H, Experiment y 
Befereiice No. of parents : L 816. 

The parents were laboratory bred and were paired in the adult stages, 

The eggs were laid on 9th April 1983. The hoppers hatched out on 26th 
April 1933 ; the hatching was pure green and consisted of twenty hoppers. The 
experiment was conducted at 44°C. in a thermostat. 

Remarks. — It is at this temperature, which is very near the upper vital limit 
for the hoppers of the Desert Locust, that a marked difference between the colo- 
ration of the hoppers bred crowded and those reared isolated in an atmosphere 
of three per cent carbon dioxide, occurred. 

The hoppers reared crowded at 44°C., in an ordinary atmosphere, show no 
black pigmentation whatsoever [ Husain and Ahmad, 1936], They are generally 
white all over the body and it is only rarely that they have atingeofyeUow 
at places. But under the influence of three per cent carbon dioxide the 
black pigment appears (Plate LVIII, figs. 1- — 4). Even the ground 
colour, particularly in the advanced stages, is light yellow all over. The progress 
of pigmentation from instar to instar under these conditions is shown in Table 
VII and the duration of the life-history of these hoppers is given in Table VIII. 

It is necessary to repeat once again that the term black type refers to the 
coloration developed in the hoppers bred crowded at 44°G. 




PLATE LIX 




Fig-. 3. IV stage hopper reared isolated at 44°C. 
of carbon dioxide. 


Fig. 4. V stage hopper reared isolated at 44°C, 
of carbon dioxide. 
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1 . The, coloration of a typical V stage hopper reared isolated in atmosphere containing 
three per eent^carbon dioxide at {Plate LIX, fig. 4), 

(i) General colour. — ^Pale yellow all over with scanty deep brown to black 
pattern. 

{ii) Head : ^Uniformly pale yellow* 

Clypeus and Lahrum. — ^Whitish to grey. 

Very light brown on both sides of the epicranial suture. 

Gena.—Yevj light yellow. Sub-ocular genal stripe narrow and very light 
brown. 

Post-^gena.—JAghb yellow. 

Compound eye. — Very light reddish brown stripes. Inter-stripe yellowish 
in the anterior half, whitish in the posterior half. 

Antenna. — ^White with a tinge of yellow except the five basal segments 
which are whitish. 

Mandibles, maxillae ds labium. — ^Whitish to grey. 

(Hi) Cervical sclerite. — Whitish. 

{iv) Thorax : Pronotum. — Brown patch on the ventral half of the pro- and 
meso-zonal region of the pronotum. Metazonal triangles deep brown to black 
but very small. Yellow dots on lighter yellow base all over the pronotum. 

Wing-pads . — ^No black lines on veins or at base of the wing pads. 

(v) Legs : I and II pair. — White. 

Ill pa^V.— Femur with a narrow pattern consisting of black dots on muscle- 
impression areas and extending from head of femur to 3/5 its length. Best of hind 
leg white. 

{vi) Abdomen : I and II segment. — ^Uniformly white with a tinge of yellow. 

Dorsal streah.—Dzxk brown and narrow with elongate white triangular 
areas at posterior margin of each abdominal segment. 

Remaining segments.— Poxxv to five smaU light black dots at the posterior lateral 
margin of each segment. 

J. Experiment VI 
History . — Reference No. of parents: P 136. 

The solitary adults were received from Pasni on 8th July 1933, In the labora- 
tory the adults were reared in pairs in cages measuring 6-in. x 6-in x 12 in 
The eggs were laid on 2nd August 1933. The hatching consisted of twenty.five 
green and fifteen intermediate hoppers. Only the green hopners were 
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for the expriment. The ‘ solitana ’ tendency was the same as in the hoppers in 

experiment II. The temperat-ore of the rearing room during the period was : 

Highest maximum . . 36-5°C. Highest minimum . . 33-5°c 

Lowest maximum . . 30-0°C. Lowest minimum . 28 -OOC 

Average maximum . 33-9°0. Average minimum . . 31-8°C.' 

Average mean temperature — 32-85°C. 

The aim of this experiment was to determine the maximum concentration of 

carbon dioxide wbioh jSc/miocerca gregaria hoppers could tolerate. 

^ On 1st August 1932 ten freshly-emerged green hoppers selected from a mixed 
hatchmg were isolated and reared in an atmosphere containing about three per 
cent carbon diomde During the first instar two of these died, and the remainder 
hM attained III iiLstar by the 12th September and without exception showed 
that degree of black pigmentation which is typical of the crowded hoppers at 33°C 
At 12 noon on the 12th September the discharge of carbon dioxide into the 

10 o clock on 14th September when the carbon dioxide discharge was further 
mcreased. At 3 p.m. on the same day six out of the eight hoppers were found dead 
wMe the remaimng two were in a semi-concious condition and were breathing very 
f«t. A sample of the air at this stage was taken two inches above the bottom of 
he jar (the position where the two hoppers which were stiU living were resting on 
the wire-gauze of the cage) and analysed. This was found to contain seven per 
cent of carbon dioxide at normal temperature and pressure (by volume) The 
two hopp^ strugghng for fife were immediately removed from the jar and placed 

outside. They revived. From 15th September onward they were aiain su Weld 

to ^ cent cbo,. dio^d, aWph« and they eLeeesMy reaSto 
adult stage. Seven pev cent of carbon dioxide by volume in an atmosphere 

cohCentraMon in „Mch 

IV. Biometeics 

1m a number of Locusts it has been shown that besides coloration the differ 
ence m h..r two extreme forma, i.e., phaaea .oStori. and prep.*, rrie.^ to 
the rektm .me of oertam parts. These charaotera are best e™ssed amon^ 
otter th^. m the ratio of elytra femur length,, and, in the raKo 3 aioS 
of pronotum to its length. As a rule, the ratio of the elytra lenuth fn Jh! f 
length m a ‘ solitaria ’ adult is lower than that in a ‘ gnqaria ’ adult 1 
pronotol proportion (width/length) is lower in .riitori. thm. in prep.™ k^ta 

mr ltph“f elrr^^ordio' dr^rnX'rho“?r “ 

the mflaeuto of this taetor on eertain morphobgioal ohara” t^r^L^hta'p^Z 
we restncted our observations to the elytra : femur ratio. piirpose 



STUDIES ON SOmSTOCBBCA GfRBeAElA FORSK, VIU 


1025 


Two sets of experiments were arranged, and the procedure adopted was as 

follows : — 

_ The hoppers of a single pure green hatching were taken. They were divided 
mto three hatches . One hatch was reared crowded in a cylindrical cage 8-5 
inches high and 4-5 inches in diameter, and fresh leaves were supplied for feeding 
thrice a day . The hoppers of the other two hatches were reared isolated in cylin- 
drical wire-gauze cages six inches high and two inches in diameter. These were 
also supplied with fresh leaves thrice a day. One of these batches was bred in an 
ordmary atmosphere, whUe the other was reared in an atmosphere containing excess 
of carbon dioxide, which was approximately four per cent. 

About twenty-four hours after the final moult the lengths of the right femurs 
and right elytrae of the adults were measured. The measurements were made by 
means of a fine pair of dividers and a Vernier scale (metric system). All the hoppers 
bred crowded and each one of the isolated hoppers bred in an atmosphere contain- 
^ an excess of carbon dioxide showed patterns of the black type hoppers. 

1 he isolated hoppers were of the green type throughout the hopper stages. 

Set I 

History . — Reference No. of parents : P 136. 

The parents were of the solitaria phase and w^ere received from Pasni on 8th 
July 1933. They were reared as a pair in the laboratory, in a cage measuring 
^ The date of egg laying was not recorded. The hoppers 

hatched out on 19th August 1933 and the hatching consisted of seventy-eight 
hoppers of green type. ° 

G<mMions.—The experiment was conducted inside the laboratory and the 
temperature during the period was : — 

Highest maximum. . 32- 2°C.. Highest minimum . 29-4»C 

Lowest maximum . . 27-7»C. Lowest minimtua . . 26-0°c' 

Average maximum . 30-08=0. Average minimum . 27-09=0. 

.f’ood.--Presh cotton leaves were supplied three times a day. 

The measurements of this set are : 


! i 

S* No* Beference No, ! Sex 

1 , 1 

1 

1 1 

: Hind 

femur 

length 

i m 

i 

Elytra 

length 

(E) 

E:F 

j 

Kange of E:E 

Isolated 

P136 

1 10 

19. vni. ’33 

2 „ 13 

in ordim 

Male 

Male 

%ry aimo 

1 26 

24 

sphere 

1 52 

50 

! ! 

2-000 

2*083 

"il- 961— -2-083 

J 
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S. No. 

Keference No. 

Sex 

Hind 

femur 

length 

(F) 

Elytra 

length 

(B) 

E:F 

Range of 
E:F . 


Isolated 

in ordinary apnos'pl 

iere> — con 

td. 



P 136 






3 

— 25 

Msle 

25 

50 

2-0001 



19. VIII. ’ 33 






, 4 

7 

Male 

24-5 

50*5 

2-061 > 

1-961—2-088 

5 

.. 9 

Male 

26*0 

51 

1-961 


6 

14 

Female , 

28*4 

56 

1*975 


7 

„ 16 

Female . 

29 

57-8 

1-993J 



Isolated in an 

atmosphere containing i per cent carbon dioxide 


P136 






1 

(CO,B) 

Male 

23*5 

46 

1-9571 



19. Vin. ’33 






2 

(COaH) 

Male 

25-2 

50*2 

1-992 


3 

» (CO^K) 

Male . 

24-8 

50*1 

2-020 


i 

(CO^L) 

Male 

27*7 

55-3 

1-996 f 


5 

» (CO^A) 

Female . 

27 

55 

2*037 


6 

» (CO^D) 

Female . 

29 

57*2 

1-972 


7 

(COaE) 

Female . 

28*8 

56-7 

1-938^ 

/ 


Grom 

'Cd in ordinary atm 

osphere 




P136 






1 

Cl 

Male . 

23 

49 

2*1301 



19.VIII.’33 






2 

C4 

Male 

24 

51-0 

2*125 1 

2-092—2-130 

3 

» C2 

Female . 

27 

56-5 

2*092 


4 

C3 

Female . 

26-8 

57-0 

2-126 



Set II 

History. —Refeience No. of parents : L 371 . 

The parents during their hopper stages were bred isolated and during the adult 
stage in a pair in a cage measuring 9-in. X 9-m. X 9-in. 

The hoppers under experiment hatched out on 29th November 1933, the hatch 
ing consisting of sixty-two hoppers of the green type. 

All the three batches of hoppersi were reared in a wooden cabinet which was 
heated by means of electric lamps aiw^ was kept closed. The average temperature 
during the period was about 32°C^ m humjdtt^ was ^h. 
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J’ooc?.— Fresh cotton leaves were supplied thrice a day. 
The measurements are " 


:S.:NO.| 


Reference No. 




29. IX. 


Length 

of El3rtra 
Sex hind length 
femur (E) 
(F) 


, , , i , L . ■ ; .. 

Isolated in ordinary atmospMre 


Range of 
E':F ' 


33 

Male . 

25*5 

50*8 

1*995 

14 

, 

Male . 

26 

51*2 

1*969 

16 

Male 

24*8 

48*5 

1-956 

21 

Male 

25*0 

51*5 

'2*060 

17 

Female . 

27*5 

56 

2*040 

8 

Female . 

29*5 

61 

2*067 

18 

Female . 

30*2 

60*1 

1*990 

12 

Female . 

30 

59*5 

1*983 

11 

Female . 

.. ■ 1 

24*2 

48*2 

1*991 


Isolated in an atmosphere containig 4 per cent carbon dioxide 


1 

L371 

29. XL ’33 

ae 

Male 

25*8 

49*2 

1*907*' 

2 


6 

Male 

26*2 

53*0 

2*023 

3 

9> 

20 

Male . 

25 

51*1 

2*044 

4 


26 

Female . 

28*2 

56*0 

1*985 

5 

9f 

2 

Female . 

26*8 

53*5 

1*996 

6 

n 

5 

1 Female . 

29 

61*5 

2*120 

7 

99 

23 

; Female . 

28*4 

59*5 

2*098 

8 

99 

19 

i Female . 

27*0 

56*5 

2*092 

9 

99 

30 

Female . 

1 27 

55*5 

2*055 


. 1' 907—2' 098 
, - . L371 


Crowded in ordinary atmosphere 


L371 

29, XL’33 


A Male 

B Male 

F Male 

B Female , 

C Female . 

E Female . 


25-2 53*0 2*103 

25*8 63-2 2*062 
24*6 62*1 2*118 
29*0 60*5 2*091 
27*8 Wing da maged 
28*4 59*6 2*099 


Table Vm shows the range and the mean value for the ratio E F, arranged 
with reference to environment, sex and parentage. It would be seen that the 
range of the ratios for the isolated hoppers reared in the atmospheres of excess of 
carbon dioxide falls beyond the range of ratios obtained for the crowded hoppers 
but lies almost exactly within the range of ratios arrived at in the case of 
hoppers bred isolated in ordinary atmosphere. ' 
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. TabIiE.VIII- 

Mmn E : F with reference to environment ^ sez and percentage 


Invironment 

Isolated ; atii 

jospheric air 

Isolated; 4 per cent carbon 
dioxide in air 

Crowded: atmospheric air 

Farents . 

Sex 

P136 

un 

P136 

L371 

P136 

L371 

Male 

2-007 (3) 

1-994 (4) 

1-491 (4) 

1-991 (3) 
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Thus while a hopper reared isolated in an atmosphere containing an excess of 
carbon dioxide resembles a crowded hopper in the development of black pigmenta- 
tion, it approaches the hoppers reared isolated, in ordinary atmosphere with re- 
gards to its elytra : femur ratio. Further it appears that while in nature the black 
pigmentation and the higher elytra : femur ratio occur together, these characters 
may not necessarily always go together. Indirectly our experiment also indicates 
that whereas the body proportions are dependent on the nature of life lived by the 
hopper (active or sedentary), the development of black pigmentation may be 
determined by certain other factors, which may or may not be related to the 
mode of life of the insect, 

V. Discussion 

These experiments very clearly show that a green solitaria hopper, which, 
if reared isolated in an ordinary atmosphere, would have retained Bolitaria green 
coloration, acquired the gregaria coloration i,e., black pigmentation, when reared 
in an atmosphere containing an excess of carbon dioxide. Further the extent and 
intenshy pf black pigmentation of these hoppers depends as much on temperature 
as it does in the case of hoppers bred crowded [ Husain and Ahmad, 1936 ]. 
Having established this one naturally asks : Is the concentration of carbon dioxide 
in the atmosphere surrounding the swarming crowded hoppers high enough to 
induce pigmentation ? ‘ 

It may be stated that if only two hoppers of the non-swarming type, are reared 
. in a cage measuring 9-in. x9-in. X9.in. and cohered on five sides with wire gauze 
of 16 meshes to an inch, they acquire black coloration typical of the swarming 
type. Under these conditions the percentage of carbon dioxide in the cage cannot 
be appreciably higher than that in the atmosphere oMMde the cage. Nmr would 
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the iioppefk bi^-a»lway^ so elos© togetlier as to mhale any siibstantial amotait of 
the air exhaled by the other. Therefore the pigmentation in the two hbppeM ■ 
can not be said to have been produced by any excess of carbon dioxide inhaled. 

However, it cannot be denied that in a swarm the air immediately around 
the hoppers will have a higher concentration of carbon dioxide than in an ordinary 
atmosphere, and also that the air inhaled by the hoppers in a swarm in most cases 
will contain a large proportion of the carbon dioxide expired by their compatriots* 
Whilst the carbon dioxide thus inhaled may he playing a significant Me in tfie pro- 
duction of black pigment, it cannot be said that in all cases the excess of carbon 
dioxide inhaled is the only cause of the development of gregaria coloration. 

Faure [ 1932 ] had advanced a theory, of ‘ locustine ^ production, to explain 
the development of gregaria coloration in swarming hoppers. His explanation 
is that ‘ as the result of the excessively high rate of metabolism obtaining in swarm 
life, the muscles and other tissues produce a surfeit of excretory products that can- 
not be disposed of by the Malpighian tubules, and these — or their derivatives— 
are desposited in the cuticula in the form of a definite pattern of black pigment ^ 
These products of excessive metabolism he designates ‘locustine In the experi- 
ments conducted by us the hoppers were isolated in limited space, therefore, the 
question of the production of a surfeit of excretory products through excessive rate 
of metabolism that cannot be disposed of by the Malpighian tubules does not arise. 
It would, however, appear that the production of the gregaria coloration is perhaps 
connected, among other factors, with the respiratory functions of the organism. 

It is well known that the hoppers, soon after hatching, manifest coloration 
characteristic of the phases. In other words they may be black i.e., having colora- 
tion of the swarming phase, or green i.e., possess coloration of the soliimy phase, 
or they may even be intermediate, i.e., show patterns which are less intense in 
pigmentation. As a rule the progeny of the soUtaria parents is green, with mo black 
pigmentation, while that of the swarming parents is black i.e., possesses gregaria 
coloration. Faure explains this phenomenon by saying that the blood and tissue 
of the gregaria females being more or less saturated with locustine the nutritive 
yolk of the eggs must also receive it Further that during its development 
the embryo digests the yolk, and the locustine finds its way into the cuticula to 
produce the black characteristics of the first instar It is well known that quite 
frequently the hoppers emerging from the same hatch of eggs are not all of the 
same colour, some may be of green type while others hlach type. This discriminate 
distribution of locustine it is difficult to explain. 

VI. Summary 

1 . An excess of carbon dioxide in the atmosphere produces in isolated hoppers 
black pattern of the type found in swarming hoppers. 

2. The black pattern in its intensity and extent is governed by temperatui*© 
in the same manner as in the crowded hoppers, 
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3. Ttese hoppers in spite of thoprodiictioB of the black pattern retain iU' them 
the soUfarm body-proportion. ' 
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Introduotoby 


During the last locust cycle of 1926-1931, the Desert Locust (Schisfooerca 
gregaria Porsk) was active in most of the districts of North-West India either in 
spring, summer or autumn, and caused a great deal of damage to cultivation. 
A great mass of data in regard to the details of its activities during this period has 
been gathered from various sources, chiefly from reports received by the Revtoue 
Departments of the various Provinces and States of North-West India. The 
material thus accumulated is now under detailed examination. A cursory study 
of the locust data, however, has shown that in the Indo-Iranian area of infestation, 
ScMstocerca breeds in spring in regions subject to winter-rainfall, such as Iran, 
Baluchistan and parts of the Punjab. The adults of the generation developing 
from this spring brood are ready to fly between April and June., Beginning from 
May or June, however, the vast region extending from Dasht-i-Lut and Seistan 
in Iran to Chagai, Kharan and Panjgur in Baluchistan becomes an area of high 
temperatures and low humidity with hot, scorching winds blowing from a northern 
or north-western direction. Locusts produced in the interior of Baluchistan fly 
out of this area, either south towards the Mekran coast or east towards Sind, 
Rajputana, Punjab and the United Provinces, their flights being apparently 
influenced in the latter case by the prevailing south-west winds. As these areas 
are subject to summer or monsoon rainfall, swarms breed here between June and 
September, and the summer brood is ready to take to flight by October-November. 
At this time of the year, the desert areas of Rajputana become a zone of low humi- 
dity, which apparently locusts seem to flee from, their flights being directed either 

(1031 ) 


1032 INDIAN JOUENAL OP AGEICULTUEAL SCIENCE [VI, V 

eastwards into the United Provinces and Bengal, or southwards into Central India 
or the Bombay Presidency, or westwards into Sind, Baluchistan and Iran. These 
flights are composed of young pink locusts, which may prove very destructive to 
cultivated crops and to general vegetation. In the case of the westward move- 
ments, the swarms show their greatest activity during the months of October and 
November, when their flights are greatly helped by the prevalent north-east wind. 
As the cold season advances, the flight movements are greatly retarded, and the 
swarms usually break up, the individuals getting scattered and passing the winter 
in a more or less inactive condition in suitable localities. When the weather 
warms up again with the advent of spring, the over-wintered locusts presum- 
ably gather again into swarms. The phenomenon of over-wintering appears to 
occur wherever swarms happen to be overtaken during their flights by spells of 
cold weather, and records of the wholesale destruction of swarms in the past in the 
winter in the uplands of Baluchistan indicate that it is only in the warmer valleys 
of southern Baluchistan and along the coast that locusts have the greatest chances 
of surviving the winter. 

In the course of a study of the records of locust movements during the last 
cycle, it has been found that the details of flights are often very meagre, and in 
certain cases the indicated directions are so confusing that it is difficult to correlate 
them with other data. On the whole, however, the movements are distinguish- 
able into two principal categories, viz*, (1) local movements, in which no unified 
general direction is discernible, and which are generally associated with a search 
for forage or for places suitable for egg-laying and (2) mass movements of swarms, 
associated with a change of the seasons, and characterised by a certain regularity 
appearance at particular times of the year and also by a general uniformity 
of direction. Although it is in general impossible to trace the movements of parti* 
cular swarms from place to place on account of the imperfections of the recorded 
reports, it has been actually found possible to follow the progress of a few to a 
certain extent. 

In regard to Sind and Baluchistan, it may be stated that the new swarms of 
the year always make their entry from a western direction during May, June or 
July, the first reports being received from the westernmost points, as for example, 
Bhag and Gandhawa for Kachhi, Dadu, Johi and Shikarpur for Sind, and Jaisal- 
mer and Khairpur areas for the Eajputana desert, and in the course of a few days 
the further progress of the swarms can usually be traced eastwards. On the 
other hand, the first swarms of the autumn reach the Baluchistan borders from an 
eastern direction during October every year. 

The locust incursion of 1935 

Since December, 1931, locust swarms have ceased to make their periodic 
appearance in Sind, Baluchistan and Bajputana, and except for a few cases 
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reported in the cold weather of 1933-34 from the borders of the Rajputana area, 
no large swarms have been recorded. 

Though in the course of surveys made by the Locust staff in the desert areas 
of Baluchistan and Rajputana, specimens of the non-gregarious, solitary type 
of locusts had been found in various localities in varying numbers during the last 
four years, no large concentrations had so far been noted anjrwhere. The reported . 
appearance, therefore, of a swarm on the 1st July at Shahgarh in Jaisalmer, of 
another at Reti on the 4th July along the borders of Jaisalmer and Bahawalpore 
states, and of two other swarms on the 19th and the 29th July respectively in the 
lOiairpore state indicated that, perhaps, a new locust cycle had possibly begun. In 
addition, the Locust Survey staff had detected a sudden increase of locust 
population in mid- July in widely separated areas, such as the coastal tracts 
of Mekran, the Lasbela State, the Kachhi area, the western talukas of Sind, 
such as Sehwan, Dadu, Johi and Thano Bulakhan, parts of 
Thar-Parkar and Hyderabad districts, and the desert areas of Jaisalmer, 
Jodhpur and Bikaner States. At Pasni, where the population rate of locusts 
On the relc areas during the first week of July was only about 500 per sq. 
mile, the density showed a sudden rise to about 5,000 per sq. mile after 
the 12th July, and a few weeks later reached about 40,000 per sq. mile. 

A great many of the locusts noted in July after such increase were, moreover, 
pinkish in colour, while a certain proportion was bright yeUow, and a biometrical 
examination revealed the existence of gregaria ratios in many of them. On the 
other hand, the comparatively small population existent prior to the 12th July 
were mostly characterised by the possession of the colour pattern of typical solitaria 
and of ratios of the solitary or intermediate types. 

It was evident, therefore, that an incursion of locusts on a large scale had 
taken place, bringing about the entry of large numbers of specimens of a type 
approximating gregarious into the Sind-Rajputana area, somewhat in the 
same manner as if a migration of the usual type in swarm formation had occurred. 
As the invasion had taken place at a time when the monsoon was beginning 
to be active in the desert areas, it was feared that a multiplication of the locust 
in the summer rain areas might inaugurate a new cycle of infestation in the Indo- 
Iranian area. 

The locust incursion of 1935 is remarkable in two ways. First, although in the 
aggregate a very large number of locust individuals had evidently participated in 
the incursion, the migration did not take the form of a mass movement of swarms, 
which one usually associates with a locust invasion. It had, on the other hand, 
occurred in the form of an imperceptible migration of individuals. This raises 
the general question of whether the solitaria individual is capable of undertaking 
long distance migrations. As several interesting observations have been made on 
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tMs duriiig 1935, it is proposed to discuss this subject in greater detail. 

Secondly, as neither the existence of swarms in Baluchistan nor their entry from 
outside from neighbouring areas such as Iran had been reported, the migrants of 
July 1935 could not have originated from swarms. Should this view be correct, 
their origin could only have been due to a local transformation of the phase 
solitaria into gregaria. In other words, local outbreak centres must have come into 
existence during the year' in Baluchistan. As three cases of incipient swarming 
had come to light during the year, the question will be discussed and its bearing 
on the subject of control considered. - . 


Migbation among the solitabies 


The. natural habitat of the solitary phase in the Indian area 


Although swarms had vanished since December 1931 and locust specimens 
were not to be seen in most parts of North-West India, solitary specimens were 
being noticed in greater or smaller numbers in many of the desert areas of Sind, 
Baluchistan, Rajputana and South-West Punjab by the Locust Survey staff during 
the years 1932, 1933 and 1934. In many cases, however, the presence of the locust 
at any particular place was found to be governed by the factor of seasonal distri- 
bution. Though, for instance, found in good numbers in the raiiiy season, they 
were noticed, with the advent of dry weather to have either completely disappeared 
or to have become considerably diminished in numbers. On the whole, the pre- 
ferred habitat of the solitary* form of Schistocercd wa>s observed to be a sandy 
area covered with a fair amount of perennial scrub vegetation. Along the Mekran 
Coast, numerous undulating patches of sand, known locally as ‘ rehs^ are found 
stretching along the sea-beach, as at Sonmiani, Ormara, Kalmat, Pasni and 
Gwadar. Originally formed of drifting mounds of sand blown by the sturdy 
south-west wind from the sea-beach into the interior, they have now become 
covered over by a scrub vegetation of varying density, which affords both food 
and shelter to the solitary locust. In the Rajputana area, the vast region of the 
Indian Desert extending from the shores of the Runn of Cutch for over 600 miles 
of country up to the borders of the Hissar District, forms another of the favoured 
habitats of the locust. Being subject to heavier rainfall, the vegetation, of 
the Indian Desert is of a more luxuriant character, and the cover is, on the whole, 
very much denser, being composed of taller bushes than those on the western 
^relcs \ In the desert area the atmosphere is usually drier except during the 
rains, and the fluctuation of diurnal and annual temperature is greater than in 
the ‘ reh ’ areas, which being subject to the tempering influence of the sea, 
are characterised by a fairly humid atmosphere and more equable temperature 
conditions^ ^ 
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As in the case of the phase gregaria^ the phase saUfaria also needs a fairlj 
moist sandy soil for oviposition, and under natural conditions a moist soir would 
be obtainable only after sufficient rainfall. Consequently the breeding of the 
solitary phase locust is entirely dependent on the character of the seasonal 
precipitation. 

The western 'reks* of Mekran fall within the zone of winter rains, the 
precipitation occurring usually between December and April during the passage 
of a series of shallow wmter disturbances which, starting from the Syrian coast 
of the Mediterranean Sea, rapidly march eastwards over Iraq, Iran, Baluchistan 
and Northern India up to the Himalayan Range. On the other hand, the eastern 
' reks ’ situated in Lasbela State as well as the Indian Desert areas come under ' 
the influence of the Indian monsoon, and the rainfall occurs mainly in the summer 
season between June and September. It, therefore, follows naturally that the 
locust can breed, in the western areas, only during the winter or spriiig months 
usually between February and May, while in the summer rainfall areas' e,g,^ Lasbela 
and Rajputana, breeding usually occurs between July and. September. During 
years of drought, breeding may be entirely absent, as had happened at Pasm*, 
Gwadar and Ormara throughout the year 1934, and in the Lasbela area during 
1935. 

Methods of locust-surveys adopted 

During 1931, a rapid preliminary survey of the various parts of Baluchistan 
was made, chiefly with the object of finding if any permanent breeding areas of the 
solitary phase were existent in that country. As it was found that it was only 
in Southern Baluchistan that conditions favourable for the breeding 'and conti- 
nued existence of the solitary locust were existent , a station for studying the life- 
habits and ecology of the solitary phase in its natural breeding grounds was opened 
at Pasni in January, 1932, and continued observations made during the last four 
years have proved to be of great value in the investigation of the Locust problem. 

One of the points to which particular attention was paid was a study of 
the fluctuations of the local locust population by conducting periodical surveys 
in the different areas of the Pasni reks. Special attention was paid during the 
breeding season in regard to making an estimate of the hopper population. The 
presence of hoppers was detected on the bushes by delicately tapping the branches 
with a hght rod and counting the hoppers found within a particular area. In me 
case of the adults, it was observed that they do not usually seek the shelter of 
bushes. unless the sand-surface temperature is abnormally high', or the weather 
too windy, and as a rule, they generally prefer to sit on the surface of open patches 
of sand. Even in winter, they are so easily started when the sun has warmed up 



LOCUST IKGURSION OF 1985 IN NORTH-WEST INDIA 1037 

Prom the grapli, it is evileiit that both at Pasni and Ambagh, a Gonsiderable 
fluctuation of population had been occurring every year, obviously as the result of 
more than one factor* First, there is the factor of local breeding as a result of 
which a rise is noticeable at the close of the breeding season, both at Pasni and 
Ambagh, At Pasni this is followed, especially in 1933 and 1935, by a rather sudden 
fall of population, which it would be rather difficult to account for, if our concept 
be that of a purely local, static population ; for the diminution in numbers is so 
disproportionately large that it cannot be referred solely to the factor of natural 
enemies. Contrary to expectation, a distinct rise in population is noticeable' at 
Pasni during May- June 1932, during July- August 1935, and to a slight extent also 
in May and July 1934, none of these cases being connected with local breeding. 
Specimens collected at these periods have, moreover, shown fairly high elytron- 
femur ratios ranging from 2- 10 to 2*30. In 1932 and 1935, moreover, the 
increase of population was definitely known to be due to a general influx of forms of 
pink, yellow and grey colour from outside. 

At Ambagh, an increase in numbers rather out of proportion to the extent and 
duration of local breeding is noticeable during the months of October and Novem- 
ber in 1933 and 1934, and possibly also in 1932. A similar increase is found to 
have occurred in October and November 1935, in spite of the absence of local 
multiplication, and in this case, the influx of a recently developed brood of locusts 
of rather low elytron 'femur* ratios was definitely established. A similar influx 
of forms appears to have occurred also at Pasni in- October-November 1933, in 
December 1934 and in November 1935. 

In 1935, few locusts are noticeable at Ambagh between January and May, 
but during June a sudden influx of specimens of a recently developed brood, showing 
ratios of the solitary phase, was noted. A similar rise in population is noticeable 
in 1933 and 1934 during the months of May, June and July. 

The results of locust-survey work in 1935 

During 1935, intensive survey work was in progress in the following places : 
Gwadar, Pasni and Ambagh in Baluchistan ; at Chachro in Sind ; and at Barmer, 
Nokh and Sardarshahr in the Rajputana Desert areas. In addition, periodical 
extensive surveys were also carried out throughout the year in the followm^ parts 
of (1*) Mekran : Gwadar-Pishukan-Suntsar ; Dasht-Kulanch ; Kech-Kolwl-Panj- 
gur; and Kalmat-Ormara ; (2) : Pohr-Hingol-Uthal ; Hinidan-Shah Bila- 

wal ; (3) Sind : Thar-Parkar DesGrt ; and (4) Rajputana Desert area : Mallani- 
Sheo-Mayajlar ; East Jaisalmer ; Bikaner. . 

The results of locust findings by the survey staff in all these areas have been 
marked in the accompanying two maps : Map I, depicting the locust situation 
during the first seven months from December 1934 to June 1935, and Map II, 
the situation during the five months — Jnly to November 1935. 
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Map I : December 1934 to June 1,955.— Except for the record of a few locusts 
noted in June 1935 and of a few stray locusts in Jaisalmer and Bikaner in February- 
March, locust findings are almost blank for the summer rainfall areas of Lasbela, 
Sind and Eajputana. On the western rehs, on the other hand, locusts are seen 
to be present in abundance. Consequent on the occurrence of heavy winter rain- 
fall, locust breeding was in progress during February, March and April in many 
places in Mekran both along the coast and in the interior. Adults of the new 
generation began to appear from the first week of April, and hoppers of the second 
generation were noted in May-June in Kulanch, Kech and Panjgur. 

Map II: July -November 1935 . — The situation is vastly different. Very 
few locusts are seen in the interior of Mekran after July, and the bulk of the locust 
population is seen to have shifted to the Eajputana desert areas. Early in July, 
a few swarms were seen in Jaisalmer and Bahawalpore areas, and a few about the 
middle of July in the Khairpore area. In addition, quite large numbers of locusts 
including a large proportion of pink and yellow forms appeared in various parts 
of North- West India : Kachhi, parts of Sind, Marwar, Jaisalmer and Bikaner, and 
also in the coastal areas of Mekran, in Lasbela and in parts of Karachi District. 

In July- August, a fair amount of breeding was noted in various parts of 
the desert : Thar-Parkar, Mallani and Sheo parganas in Jodhpur ; and parts of 
Jaisalmer and Bikaner, There was no breeding in Mekran and Lasbela. In 
September- October a few hoppers were still to be found in parts of Thar-Parkar 
and Mallani, probably representing the second generation of the season. 

By November, locusts had in great part disappeared from Bikaner, Jaisalmer 
and Marwar ; and at the same time, specimens of a new generation of locusts with 
hyaMne or mauve wings were noted appearing in the rehs of Ambagh, Hingol, 
Ormara and Pasni. 

As already remarked, one of the notable features of the situation during the 
first half of 1935 was the almost complete absence of locusts in the Lasbela and 
Sind-Eajputana areas and their presence in the Mekran coastal relcs. A somewhat 
similar disappearance was observed in the Thar-Parkar area during the earlier 
months of the year 1933 and 1934, and their absence was then attributed to the 
effect of either cold or drought causing them to hide themselves among the vegeta- 
tion whfie the cold weather and the drought lasted. In order to test the validity 
of this assumption, a thorough examination of hundreds of bushes was made during 
January, February and March in a number of places such as Ambagh, Chachro 
Derawar, etc. The bushes were uprooted and all likely situations such as their 
bases and the soil below including the rat-holes were searched, but without finding 
any locusts in hiding. ^ At Chachro, large thickets of thorn (mostly ZizypJius 
branches) used for fencing fields of cultivation were also lifted up and searched, 
and thougli large Acridids like A.7iacridium and CTytacctnthcbcris were found taking 
skelter under them, no specimens of Schistocerca were seen. It may, therefore, 
he taken as proved that the disappearance of the locust from the Ambagh and 
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Chacliro areas during the earlier months of the year was a positive fact, possibly 
due to seasonal emigration ; and consequently the re-appearance of locusts in 
increasingly large numbers from May onwards at Ambagh and Ohachro can only 
be explained as an immigration from outside. 

A biometrical study of locust populations 

When a sudden increase in the numbers of locusts was noted at Pasni about 
the 12th July 1935, a sample collection of the locust population was made and 
subjected to a cursory biometrical examination, when the existence of a fairly 
high proportion of forms possessing elytron/femur ratios of the gregaria type was 
detected. Subsequently, an examination of the locust collections on the rehs at 
Pasni and elsewhere during the different months of the year 1935 was carried 
out as far as possible. Later on, all available specimens collected in 1934 were 
similarly examined biometrically. The results’, obtained have been tabulated 
and shown in Appendices I and II respectively. It may be added that in the 
biometrical studies made, only elytron/femur ratios have been taken into account. 
No attempts were made to calculate the mean ratios for the different months 
as the number of specimens available -was not sufficiently high. 

The results show that the initial population in January on the Pasni rehs had 
mostly ratios of the soUtaria typo, and that the progeny of these locusts appearing 
in April and May also exhibited a dominance of soUtaria ratios. The July immi- 
grants which swamped the ' native ’ locust population, however, brought about 
a preponderance of * transiens ’ ratios with a good proportion of the gregaria type. 
These biometrical characteristics marked the locust population at Pasni till the 
end of October, even though their numbers had by then greatly diminished. In 
November, however, an ascendancy of the soUtaria ratios was again noticeable. 

The year 1934 was an abnormal one at Pasni, during which local breeding was 
completely absent on account of lack of rainfall, and the limited collection of 
preserved specimens available for examination forms too scanty a material to 
furnish a basis for any generalisations. Indications, however, are clear that an 
influx of gregaria forms had taken place in May- July, and that an immigration of 
soUtaria type had also occurred at the end of the year. 

Powers of high flying among the solitaries 

When pursued, soUtaria adult usually makes only short flights covering 
not more than a few yards at a time, but its ability sometimes to rise high into the 
air and vanish out of sight has been, noted by the locust survey staff at different 
times. The significance of this phenomenon was, however, not realised tiU the 
event of the July incursion. The fact that the locust population had perceptibly 
increased by the 12th July and that it included numerous specimens of pink and 
yellow forms, not knqwn to have been present at Pasni prior to that date, clearly 
showed that the accretion of population was due to a migration from outside. 
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Since tlie arrival of a swarm from outside had not been noticed anywhere round- ' 
about Pasni, the inference would appear to be that the migration had been accom- 
plished In the form of individual flights. 

After the incursion had taken place, numerous instances of high flying were 
noted at Pasni. In many instances, locusts were observed to rise high into the air 
at dusk at an air temperature of 80 to 82*^ F. (about 27°C.) often without 
any apparent provocation, and disappear from sight. On some occasions, such 
high ffights were also noted at mid-day. The height attained by the locust could 
not be accurately estimated, but it must have been at least 500 ft. above the 
level of the ground. The course of the flight was generally governed by the direc- 
tion of the prevailing wind, but it was also clear that the locusts did not drift 
passively with the current, each individual being noted steering its course in a 
particular way. There is apparently little doubt that the long distance migration 
of the solitaria individual is greatly dependent on the strength and direction of 
the wind currents prevailing at the time. Since, however, the winds at different 
levels of the upper air exhibit diflerent directional trends, it is rather difficult to 
attempt to trace the origin of locust migrants with the help of recorded data on 
surface currents. 

In a few instances, individuals of the locust that were being observed as- 
cending steadily higher and higher mto the sky, were found for some unaccountable 
reason to change their minds, and, after closing their wings, to volplane down to 
the ground with the speed of a rocket. The swiftness and suddenness of the 
descent points to the difficulty in noting the actual arrival of the individual 
migrants, even if it should happen in broad day-light. 


Experiments with the marldng of locusts 



Since February 1935, a system of marking locusts collected during the perio- 
dical surveys and liberating them was tried at Pasni with the object of making 
observations on their pow'ers of movements from place to place. At first, marks 
indicating the month of liberation were made with cellulose paints on the pro- 
notum of the locusts, but it was found that the paint peeled off after some time. 
Later on, painting the hind wings was tried, and even in this case there was a 
similar result, if the paint were applied thick. At present, a system of lightly 
painting the figure of the month in arabic numerals on the wings is in practice at 
Pasni. In order to signify the time of liberation more exactly, the left wing is 
painted during the first fortnight of the month, and the right wing during the 
second. In addition, a bit of coloured silk thread is tied at the distal end of the 
femora in order to facilitate their being spotted easily in the field. A similar 
system is being adopted, as far as possible, at Ambagh and the various Desert 
Outposts, different colours being adopted by each station : for example blue for 
Pasni, red for Ambagh, green fgr Chachro, and so on, Tffe cellulose paints could 
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not, unfortunately, be obtained early enough for trying the system on an extensive 
scale 'during 1935. , • 

Although marking of locusts has been under trial at Pasni since February 
1935, it is only in three instances that recoveries have been recorded. (1) A 
locust painted whit© in February "was captured in March not far off from the place 
of liberation on the Pasni fek. (2) A locust painted red on the hind wing and 
liberated early in May was found by the Ormara Fieldman at Eumra about 
twenty miles to the north-east from Pasni on the 17th May. (3) A locust painted 
blue on the hind wing and let off in June was found within a furlong of the 
Locust Camp early in July. The second case appears to be very significant. 

Liberation was also tried at the following places in 1935 : — 



Month 

No. liberated 

Results 

i 1. Barmer 

Sept. 

Oct. 

ISTov. 

45 locusts . 
40 locusts 

16 locusts 

None recovered. 

None recovered. 

None recovered. 

’ • 2.Nokh ' ; . . 

Oct. 

30 locusts 

None recovered. 

3. Chachro . • 

Sept. 

Oct. 

Nov. • 

10 locusts 

18 locusts 

19 locusts 

None recovered. 

None recovered 

Out of specimens liberated during 
the second fortnight of Novem- 
ber, 1935 the following were 
recovered from the vicinity of 
Chachro on the dates indicated : 

1. on the 6th December 1936 

2. on the 30th December, 1935 
and 3. on the 8th March, 1936 
(in the last case, 3 J months after 
liberation). 


More intensive eff orts at the liberation and recovery of marked locusts may be 
productive of valuable results. Attempts at trying a system of offering rewards 
for the recovery of marked specimens may perhaps be made, but owing to the 
sparseness of the population and the difficulty of spotting out the non-gregarioas 
type of the locust by the people, one cannot he over-sanguine about the results-. 

Summing up of the. evidence 

Reviewing the results of observations made during the last four years, it may 
be stated that a considerable volume of evidence has accumulated in regard to 
the existence among the non-gregarions type of locusts of powers of migration 
somewhat similar to those exhibited by the gregaria forms during years of infesta- 
tion. Although the data of previous years had vaguely suggested the probability 
of the occurrence of migration covering short distances on the part of the solitary 
locusts there was no definite evidence in. the matter. The results obtained during 
the year 1935, and especially the observations made at the time of the locust 
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hwmsion in July,.' haTe served to give fairiy clear indications as to tbe capability 
of Schisfocerca to migrate to a distant area by the flight of individuals as contrasted 
with a migration of swarms. Indeed, although a fairly large increase of locust 
population had taken place during July in quite a large number of places in Sind, 
Rajputana and Baluchistan, the fact was not noticed by the local inhabitants in 
many places, and in all probability the event might have remained unnoticed, had 
it not been for the activities of the Locust Survey staff stationed in the areas 
concerned. 

The data collected on the subject may be classified under (1) Inductional 
evidence and (2) Direct evidence. 

i. Inductional evidence 

{a) Fluctmtion of population at Ambagh and Pami, 1932 to 1935, —A. study 
of the data collected shows that the fluctuation in the density of population may 
be quite considerable during a year. If the locust population had been static for 
each individual breeding ground, the rise and fall in the numbers of locusts should 
have been capable of correlation with local breeding and climatic conditions. On 
the other hand, an increase in numbers sometimes occurs prior to the breeding 
season, and sometimes after the local breeding is over. The details of fluctuation 
are not explainable except on the basis of the possibility of seasonal migration, 
leading sometimes to an exchange of population between different breeding 
grounds and sometimes to an incursion of forms from outside. 

(6) The evidence of 1935, — During the first part of the year, locusts were 
practically absent from the summer rainfall areas of Lasbela and Rajputana 
and were concentrated in the w^inter-rainfall region of Mekran, where considerable 
breeding and multiplication occurred. On the other hand, during summer and 
autumn, locusts were to be found in large numbers in Lasbela and Rajputana 
area, while locusts evidently belonging to a recent brood and possibly hailing 
JEfom the Indian Desert areas, were found migrating into the western rehs. These ’ 
facts indicate that a mutual seasonal exchange of population had occurred between 
the two areas. The winter and the summer brood areas look as if they were com- 
plementary to each other in the scheme of locust economy. 

(c) Biometrical evidence, — ^Biometrical studies have proved of great .value 
in providing clues for distinguishing between the locust populations prevalent 
at different parts of the year. They have shown that an original population 
composed mostly of solitaria individuals had been invaded by a large body of 
migrants exhibitmg transient and gregaria ratios, in July 1935 at Pasni. By . 
November, this population was found to have gradually disappeared, giving place 
to forms of a different type, showing mostly solitaria ratios and evidently a newly 
developed brood. Such a replacement of forms at a time when local breeding 
had not occurred can only be explained by the phenomenon of migration. 
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2. Direct evidence 

(а) Powers of highflying. — ‘Direct observations have shown that individuals 
of th.Q solitary t3rpe are capable of flying high into the air and vanishing from 
sight. Long distances may, doubtless, be covered in this way by them when 
backed by favourable winds. 

(б) Experiment with marhed individuals, — ^In the course of experiments 
with the liberation of marked locusts, it was in one case noted that a marked 
soUtaria individual liberated at Pasni early in May 1935 was recovered at Rumra 
about 20 miles to the north-east on the 17th of May. This is fairly direct proof 
in regard to the migratory capacity of the solitary locusts. 

The ocourrenob of incipient swarming in Mekran 
The character of winter rainfall in 1934-35 and of locust breeding 

During the year 1934, the winter rainfall proved a failure in most parts of 
the Mekran Coast, and the only area where good rainfall was recorded was the 
Jask region in Iranian Mekran where nearly five inches of rain was received in 
March 1934. 

There was no locust breeding noticed anywhere in 1934 within the limits 
pf British Mekran, though doubtless some breeding had occurred in the Jask 
' sector of the Mekran Coast. 

The winter rains of 1934-35, on the contrary, proved to be both early and 
copious aU over the winter rain areas of Arabia, Iran and Baluchistan. Rains 
began in November 1934 in the Bushire and Bahrein areas, and in December 
1934 .good rainfall was recorded in all the areas, about 1*62 in. at Pasni and 
5*25 in. at Gwadar, There were good falls in January in all the Mekran stations. 
Rainfall 'continued till the middle of February, after which there was little pre- 
cipitation along the coast, except at Ormara. Farther rainfall occurred, on the 
contrary, in the interior of Mekran in April, as at Turbat and Panjgur. 

With the advent of the winter rains, fair numbers of locusts were found on 
the coastal reks and oviposition probably began early in January 1935. Green 
hoppers were found in good numbers on all the coastal reks during March, April 
and May. The first adults of the new generation were noted in the first week of 
April on all the coastal areas. Hoppers were noted also in the interior — ^in 
Kulandii and Kolwa during April. By May moisture had disappeared in the rek 
soils along the coast but in the interior valleys of Mekran, wherever further rain- 
fall had been received in April-May, places suitable for oviposition were present, 
especially along the beds of streams and the banks of the bigger rivers. In 
Kulanch, fair numbers of hoppers were thus being found during June on bushes 
of Ghrozophora sp. along the beds of some of the streams. Possibly, the hoppers 
of June represented the second generation of the locust. 
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WhUe the general coloration of the hoppers was found to be green on most 
of the reh areas, a smaU percentage of brownish green hoppers with darker patches 
on the thorax and abdomen was also being noted on the Pasni and Ormara reks 
and in Kulaneh. Possibly, these may be taken to represent forms of the tran- 

Three reports of gregarious hoppers in Mehran and Kharan 

In June and July, reports of the occurrence of gregariotis hoppers attacking 
cultivated crops were received from the Kalat State authorities. As they were 
received very late, a proper investigation’ of the outbreaks could not be made. 
The foUowing information was coUected by the Meldman who visited the Mekran 

areas subsequently. 

1 SJmhtal area in Kech Valley.— The Turbat Pieldman was informed about 
June *14th by the Naib of Turbat that a report had been received to the effect 
that crops at Shashtal near Nodez had been attacked by bands of hoppers. Under 
instructions from Pasni, he visited the area on the 17th. He was informed by 
the owner of the field that “ about forty days previously bands of black hoppers, 
hatched on the adjoining sandy reks, had entered his field of jowari (sorghum) 
and pulses, and had damaged them. The hoppers had later on turned yeUow in 
colour, and had ultimately disappeared after acquiring wings about ten days ago ”. 
It was reported that various predaceous birds as weU as jackals had been attacking 
the hoppers. The Pieldman reported that he had noted at the time of his visit 
about 400 adults within an area of 800 sq. yds., as also a number of hoppers of 
yellow colour on the crops. He also noted the presence of several green hoppers 
on wild bushes as also of grey coloured adults in the neighbourhood. Locust 
Research Assistant, Mr. R. N. Batra, visited this area about the 6th July, and 

could then find only about thirty-three adult locusts in that field. 

2. Sehgazan and Gar areas near Panjgur.— On the 22nd July, a report was 

received from the Naib-Wazir-i-Azam, Miekran, from camp Pasni, to the effect 
that the Janishin of Panjgur had noticed an infestation by locusts in jowari 
cultivation at Sehgazan on the 7th July and at Gar on the 8th, The area was 
examined by the Turbat Pieldman on the 12th August, when very few locusts 
were to be seen. According to his report “ the cultivators had encountered about 
two months ago, a ‘ flood ’ of hoppers of black colour entering the crops at 
Sehgazan and Gar from the banks of the Rakshan and the Gwargo respectively, 
and them ”. At the time of the visit of the Janishin both hoppers 

and locusts were noted. All the hoppers had since turned into adults, which 
disappeared about the middle of July, when the “ Gorioh ” or the dry wind from 

the north began to blow over the area. 

3. Washuk area in Kharan.— The Nawab of Elharan reported to the Poli- 
tical Agent, Kalat about the occurrence of locust hoppers at Balgattar and at 
Macho in the sandy desert near "Washuk at the beginning of July. Information 
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was later on obtained from the Nawab to the effect that the hoppers had been 
killed by the intense heat of the desert sands, though perhaps they had in reality 
become dispersed among the scattered vegetation and been lost sight of. 

The significance of these reports 

During years of infestation, reports of the occurrence of gregarious hoppers 
would carry no special significance. During the first half of 1935, however, no 
swarms were reported anywhere, and in the case of the infestations reported 
from Mekran it was specially stated that no locust swarms had been noted. The 
appearance of hoppers in large numbers and the assumption of black and yellow 
coloration by them are rather extraordinary phenomena, not noted since 1932 
anywhere in Mekran, and the question as to how these infestations originated is, 
therefore, of special interest. 

In the Shashtal infestation, it is probable that eggs had been laid about the 
middle of April, while in the Sehgazan and Gar ones, and possibly also in the 
Washuk case, oviposition had occurred early in May 1935. During the periodical 
surveys carried out in the Panjgur-Kech-Kolwah areas, locusts were not met 
with during the months of January, February and March 1935, but were encoun- 
tered in fairly good numbers in April and May. This circumstance rather suggests 
that a migration of the solitaries of the coastal areas — ^made up in part of adults 
of the new generation and, perhaps, in part of the old generation as well, — ^had 
occurred during April, for by that time, the surface moisture of the coastal rehs 
had dried up to a great extent making further breeding an impossibility, and the 
strong south-west wind, which had set in by that time, had possibly helped to 
carry the migrants into the hinterland. 

In the interior of Mekran, which is to a large extent either hilly or stony, 
places suitable for oviposition are of limited occurrence, being restricted to silt 
accumulations on the banks of the rivers, mounds of blown silt at the base of 
hills or the sandy beds of hill streams, and it is possible, therefore, that a concen- 
tration of the solitary phase migrants had occurred on these spots at the time of 
egg-laying, and had led to mass-oviposition on a small scale. The continuance 
of rainfaU in the hinterland in April is a circumstance that must have favoured 
eggJaying. After hatching, the hoppers had presumably undergone a compul- 
sory crowding in the patches of jowari cultivation found in the close neighbour- 
hood, and it is not unlikely that the patches oi jowari had themselves functioned 
as the original points of attraction for the solitary locusts. In one case, enquiries 
actually showed that part of the egg-laying had occurred in the field itself. 

In all cases, the resultant adults are reported to have disappeared after 
acquiring wings. As the Fieldman could not examine these infestations early 
enough, it is not possible to make any statements on the phase characteristics 
of the new adults, but specimens found by him after the main body had flown 
^.W'ay, showed mostly ratios of the solitaria type. 
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These esses are of special importance tom the jmint of view of Locust re- 
searer They W oocnrted not only at a time when there wet. no swarms about, 
[Tlo at a jnneture just prior to the wide-spr<»l locust meurmon noW m 
mm parts of North-West India in July. If the assumptron m^e as to the o 
S“heL infestations tom migrant parmls of the soijtory phase t^ could be 
„2m<d, these eases would have to be considered to have been aotu^ mstanc.s 
SThe triaformation of phase seiiturta into phase gre^, or m oto w,^. 
the iLlities where this had occi^ should be regarded as some of the actual 

ovMireah centres- , ^ 

Becords of outbreah centres in the past 

la this connection, it may be recaUed [Rao, 1933], that in the year 1923 a 
locust infestation of a fairly serious character had been recorded at Zatoenbug 
and llasadi in cultivated areas in the rich, silt-laden vaUey of the Dasht River. 
Zners first appeared early in May, and millions of them were being found m 
a idle area extending from Zahrenbug upto Gabd towards the south. The adidts 
emerging &om the hoppers are ultimately said to have disap^ared mto the 
iunglts by the end of June. It is notable that the mfestation had occurred, as 

StLcaseofShashtal,inMay-June. There is little doubt that it had undated 
Sim migrants derived from the coastal population, which had presumably gone 
tough one generation already by reason of the early rainfall of January 1923 
The Kachhi records show that in July-August of the same year, locusts were found 
. laTrfa.ging jcfivati crops at Dhadhar. 

la 1926 also, locusts and locust hoppers were reported to be dama^ng cotton 
and jowan {sohru) crops in the Kulanch area, dming the month of Jme 1926. 
Locusts were also said to have been present near Tunap m June. As there had 
been very heavy rainfall along the coast and interior of Mefaan m Janu^ 1926, 
heavy locust breeding had evidently occurred on the coastal reks, and the breed- 
ing reported in the silt soils of Kulanch, induced obviously by the good rainfall 
reLded in the hinterland of Mekran in March and May, presumably represented 
the second generation of the year. Locusts are reported to have disappeared 
from Kulanch by the latter half of June, and records show that &ers were in 
evidence by the end of June in Mirpur-Nasirabad Niabat near Gandhawa in 

Kachhi and at Kurk near Sibi in the first week of July. 

There is little doubt, therefore, that the infestation recorded in 1923 in Dasht 
Kiabat and in 1926 in Kulanch were of the same character as the Shashtal, 
SehgazLn and Gar outbreaks, and that they should aU be classified as incipient 
outbreaks produced in the chain of circumstances foUowmg early and plentiful 
winter rainfall in the Mekran areas. 

The probable origin of the July incursion 

The instances of incipient swarming reported this year from Mekran show 
that wherever conditions are favourable for development, a second generation 
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of the locust would be produced. As Mekran is a vast area with a very sparse 
population, it is not unlikely that besides the cases reported, similar other out- 
break centres had come into existence during the year, but had remained un- 
reported as the damage was not considered serious enough. Similarly, it should 
not be considered surprising if such swarming had also developed unnoticed in 
uncultivated areas supporting sufficient vegetation. In any case, there is little 
doubt that there were large numbers of locusts present in various parts of Mekran 
during June and July. Since in the adjoining province of Iranian Baluchistan, 
conditions were presumably identical, it is not improbable that similar outbreak 
cMtres had come into existence at about the same period, and if so, a consider- 
able multiplication of the locust population must have taken place in that area 
also. 

From May onwards, the climatic conditions of the hinterland of Mekran 
usually undergo a gradual change from the temperate character of spring to the 
extremely torrid conditions of summer, characterised by high temperatures and 
low humidity and the prevalence of dry hot winds from the north or north-west, 
so that by June or July a zone of dry and hot climatic conditions develops in 
an extensive area inclusive of large parts of Persia and Afghanistan, which locusts 
are obviously unable to stand and try to flee from. The local wind directions 
would carry them either southwards to the coastal areas or eastwards into the 
plains of India. When locusts enter the monsoon zone, the prevalent south-west 
wind would carry them into the areas of Kachhi, Sind and Rajputana. Lean’s 
observations [Lean, 1931] in Nigeria show that the swarms of Locusta migratoria 
migratorioides prefer a zone of relative atmospheric humidity between the limits 
of eighty and forty per cent, and try to avoid regions above or below those limits. 
Schistocerca apparently exhibits a similar dislike for very dry as well as very 
humid atmospheric conditions. Ballard and Mistikawy have shown [Ballard 
-and others, 1932] that seasonal winds have a great influence on the directional 
trends of swarms of the Desert Locust. What applies to swarms may also apply 
equally to individual flights. 

In view of the facts detailed above, there appears to be little doubt that the 
locust incursion of July 1935 had had its origin in part at least in the Mekran 
area, to which the centres of swarming noted at Shashtal, Sehgazan, Gar and 
Washuk had apparently contributed their quota, though, on account of the extra- 
ordinarily high numbers characterising the incursion, it is probable that the 
bulk of it must have had an extra-Indian origin. 

Breeding in the summer-brood areas 

Although fairly large concentrations of locusts had been noted in July in 
quite a large number of places in Sind and Rajputana, breeding was greatly res- 
tricted on account of the lack of well-distributed rainfall. There was no rainfall, 
and consequently no breeding whatever, in Lasbela and Karachi areas and in 
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Mekran. Good rainfall occurred only in the Bikaner area, in South Marwar 
and Thar-Parkar, and even in these regions there were only light falls in August 

and September . 


OofiipctTdfiv^ Tciinf dll jiff uTcs iu 1935 ccTid 1926 iu i%ch6s 



1935 

1926 

Places 

July 

August 

Sept. 

July 

August 

Sept* 

Banner . 

4-34 

0'80 

1*50 

3*51 

4*17 

8-35 

Chaehro . 

8-18 

2-47 

0*49 

2*25 

7*91 

5*52 


A fair amount of breeding was noted in Thar-Parkar, Mallani and parts 
of Bikaner during July- August, but on account of the insufficiency of rainfall, 
breeding was neither dense nor extensive. On the other hand, owing to the heavier 
and continued monsoon in 1926, the breeding was so heavy as to start a new 
cycle of locust infestation. 

The first adults of the new generation were noted at the end of August 1935. 
Some hoppers were still being found in October and November in Thar-Parkar 
District, which probably represented the second generation of the monsoon. 
After October the locust population in the Eajputana desert began to show a 
gradual decrease in numbers, till by the end of November very few could be seen 
except in the Thar-Parkar area. Since about the same time, the arrival of soli- 
tary specimens of the new generation was detected in Ootober-November in 
the Lasbela area, and at Pasni in November, a migration from east to west had 
obviously occurred. 

A cursory study of the meteorological data has shown that, with the with- 
drawal of the monsoon in September, a zone of low humidity develops in the Raj- 
putana area, which apparently causes the locusts to migrate out of the area. 
At the same time a change in the direction of the prevailing wind from south- 
west to north-east, taking place about the middle of October, presumably play^ 
a great part in bringing about the westward migration of the locusts from the 
desert area. 

CONCLtrSIOHS 




In reviewing the various observations made in 1935 in connection with the 
locust developments of the year, it may be stated that they have led to a con- 
siderable advance in our knowledge of the life-habits of the Desert Locust. Some 
deductions that may perhaps be made in regard to the mode of origin of the in- 
festation in the Indian area are briefly outlined below, and a few notes have also 
been added in connection with the aspect of control in the breeding grounds. 
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1. It appears probable that early and copious winter rainfall would lead to 
extensive breeding on tbe coastal reic areas and bring about a great increase in 
tbe general population. The new generation of adults would appear by April 
and migrate into the interior in the absence of conditions favourable for further 
breeding on the rehs: Should there be rainfall at this juncture in the interior 
of Mekran, concentrated egg-laying would occur in suitable areas, leading to 
incipient swarming. 

2. The adults of the second generation would migrate into Sind and Raj- 
putana by individual flights, or perhaps as small loose swarms, and if the mon- 
soon rainfall should be favourable, as in 1926, further multiplication would occur 
and lead perhaps to the formation of large swarms. Otherwise the locust inva- 
sion would fizzle out. 

3. The flights that are responsible for the starting of a new cycle of infesta- 
tion in India would appear always to come from the direction of Mekran, but this 
is not generally recognised, as the arrival of locusts may take the form of a migra- 
tion of individual locusts as during 1935, and is then not easily noticed. This 
had presumably happened in 1926, and probably also in 1923. In both these 
years, the entrance of locusts in June- July into India is indicated by records of 
actual occurrence of locusts at this period in parts of the Kachhi area in July 
1926 and in July-August 1923 on cultivated crops. In studying the origin of 
locust cycles of the past, prior to 1926, in India, due consideration should be 
given to this circumstance owing to the general incompleteness of the records. 

4. The evidence found in regard to the capability of the solitary locust for 
migration indicates that it is eminently adapted to escape the effects of local 
drought. If winter rains should fail in one area, it could always migrate to another 
better favoured area, and, in the last resort, may be able to reach regions of summer 
rainfall. Usually there appears to be a mutual exchange of population between 
the western reks and the desert areas, and since they function equally well as 
regions of habitat of the locust, they should be considered to be complementary 
to each other. 

5. In devising measures to check the swarming of the locust, it would appear 
futile to attempt to deal with the general breeding in the areas of habitat, as on 
account of the extent of the area and the scattered nature of distribution of the 
solitary locusts control measures would be uneconomical. On the other hand, 
it would be comparatively easy to deal with the concentrations of hoppers appear- 
ing at the time of incipient swarming. Special attention will, therefore, have to 
be paid to the location of such outbreak centres and prompt steps will have to 
be taken to deal with the incipient swarms. Since outbreak centres of the Indo- 
Iranian region are likely to develop in Iranian Mekran also, international co-opera- 
tion would be essential, to ensure efficiency of control. 
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Explanations OF Figure AND Maps. 

Fig. 1 Graph showing the fluctuation in the locust population in the 

Pasni and Ambagh Beks during a period of four years, 1932 to 
1936. 

Maps . — ^Map I : showing the distribution of the Locust in the breeding 
grounds in the Indian area between December 1934 and June 

1935. 

Map II : showing the distribution between July and November 

1936. 
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SINGLE-VALUE SOIL PROPERTIES : MOISTURE AT THE 
STICKY POINT AND B 


BY 


J. CHARLTON, M.So., F.I.C., I.A.S., 

Agricultural Chemist, Burma 
(Received for publication on 18th June 1936) 
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Working with soils of the same type from a restricted area, Prescott and 
Poole [ 1934 ] have shown that mechanical analysis may be related to certain single 
values such as Moisture at the Sticky Point, Moisture Equivalent, etc., in a simple 
fashion. That different replaceable bases may have an influence on single value 
soil properties has been shown by Baver [ 1928 ] and by the writer [Charlton, 1932]. 
Saver’s results were not available to the writer imtil quoted in a paper by Baver 
and Homer [ 1933]. In the case of Lower Burma paddy soils, correlations as 
jn' gh as r=0-93 had been formd between mechanical analysis expressed as clay 
and silt and the moisture at the Sticky Point and r=0- 95 between mechanical 
analysis and the value B. Such high values were only obtained after hydrogen 
peroxide treatment and saturation with a single cation, preferably H' or Ca". 
The soils used were those for which single values have already been published 
[Charlton, 1932 ]. Although the regression equations connecting moisture at 
the Sticky Point and B with mechanical analysis enabled the values to be 
calculated with considerable accuracy, the equations were not applicable to the 
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calcareous soils of Upper Burma even after treatment with hydrogen peroxide and 
saturation with the same cation as was used with the Lower Burma paddy 
soils. The object of the work described in this paper was to discover the 
reasons underlying this difference in behaviour. 

IL The soils used 

Thirty -eight soils were used. Of these Hmawbi, B. 610, B. 616, B. 618 and 
B. 624 are Lower Burma paddy soils. These soils are all fairly highly leached 
soils on old aUuvium. B. 951, B. 957, B. 988, B. 992, B. 999, B. 1010, B. 1016 
and B. 1031 are typical tropical or sub-tropical red soils at an elevation of 
about 2,000 feet under a rainfall sufficient to remove all but small amounts of 
replaceable bases. These soils are under forest planted to Qmdina arbor m, a tree 
requiring good drainage for successful growth. Soils B. 1129, B. 1131, B. 1133 
and B. 1135 are sugarcane soils in the Bilin tract, subj'ect to occasional flood 
and are under an annual rainfall of 200 in. per annum or more. B. 1137, 
B. 1139, B. 1141 and B. 1143 are sugarcane soils from Shwegun also under a rainfall 
of at least 200 in. per annum but are not subject to flood. ISTanda Tank and 
Mandalay soils Nos. 1-57 are calcareous Mandalay- Canal area soils which in 
their natural condition without irrigation approach closely the Solontschak 
type, while the three Singaing soils differ little from the Mandalay type but being 
closer to their canal headworks tend to receive more silt in the irrigation water 
and being rather lighter in texture than the usual Mandalay-Canal area soils 
grow sugarcane as well as paddy. The thirty-eight soils so chosen were 
deliberately selected to include wide variations in geological formation, rainfall 
and texture. It will be noted that although none of the soils is a laterite a few 
are lateritic according to Martin and Doyne’s definition [ 1927 ] while the ratio 
Si 02 ./Al 203 (molecular) covers the range 1*62-4*30. 

III. Methods employed 

(u) Clay Equivalent (CE). — ^The method of mechanical analysis used was 
the revised British Official Method [ 1928 ] with the exception that organic matter 
was removed by Troeffs method [1931] using cold NaBrO solution instead of 
hydrogen peroxide. This method was found preferable to hydrogen peroxide 
since sesquioxides were not dissolved and further, whereas hydrogen peroxide 
was found to be practically without effect on the organic matter of calcareous 
soils, oxidation by cold NaBrO solution proceeded smoothly and as efficiently as 
in sour or neutral soils. In certain soils containing large amounts of organic 
matter two treatments were necessary. Russell [1933] has shown that more 
than eighty per cent of the total variance of the Xylene Equivalent and Moisture 
Equivalent is accounted for by the clay and fine silt fractions and that the 
residual variance is not decreased by taking into account the fractions coarser 
than fine silt. Hence, since in the Atterberg scale the silt fraction is ten times 
the size of the clay it was considered justifiable on the grounds of simplification 
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to add one-tentli of the silt fraction to that of the clay and to utilize the value 
so found as a single term caHed the Clay Equivalent Certain unjustifiable 
assuiiiptioiis are thereby implied but the mathematical treatment is so much 
simplified that it was considered justifiable to make use of the conception* 

(h) Base Exchange Capacity (EEC).— The method of F. W, Parker [ 1929 ] 
using his barium acetate- ammonium chloride procedure was employed. 

(c) Moisture retained by soil in 50 per cent saturated atmosphere (R). — ^Thin 
films of soil, each of approximately equal weight were exposed in identical squat 
form weighing bottles to sulphuric acid of appropriate strength at 30®C. 

{d) Moisture at the Sticky Point (S). — ^The method of Keen and Coutts [ 1928 ] 
was followed with the modification that all soils were first of all made rather too 
moist and were then worked in the fingers until sufficient moisture had been 
lost to reduce the soils to the desired condition. 

(e) Preparation of calcium soils. — ^Two series of calcium soils were prepared. 
In one series the organic matter was removed by treatment with cold NaBrO solu- 
tion while in the other this treatment was omitted. After treatment with KaErO 
in the first series, excess of bromine was removed by dilute ammonia and then 
the soils were treated twelve times by decantation with M calcium chloride solu- 
tion, transferred to filter papers, washed twelve times with AT/IO calcuim chloride 
solution and were finally washed with freshly boiled distilled water until the 
filtrates were free from calcium and chlorine ions. In the second series the 
treatment was identical except that the KaBrO treatment was omitted, the soils 
being directly treated with M calcium chloride solution. 

(/) Silica-sesquioxide ratio (molecular). — The clay fractions of the soils were 
separated after removal of organic matter by cold NaBrO and silica and sesqui- 
oxidesin the clay were then determined after fusion of the clay with excess sodium 
carbonate. 

Carbon dioxide, loss on ignition, etc. were determined in the usual way. In 
the case of the untreated (original) soils, no treatment with ammonium carbonate 
was given in determining loss on ignition as such treatment is likely to affect the 
results to some extent. With calcium chloride and NaBrO treated calcium soils, 
after ignition the soils were ' moistened ^ with ammonium carbonate solution and 
dried to constant weight at 105°C. Organic carbon was determined by wet 
combustion and the values so obtained were multiplied by the conventional factor 
1*818 to give the organic matter. The difference between loss on ignition 
and organic matter was assumed to be the combined water (OW). 

It has been assumed in this paper that a single set of values for C® , BEG and 

SiOo 

g— I) is applicable to all soils whether untreated, treated with M calcium chloride 
only or with NaBrO solution followed by M calcium chloride solution. In the 
case of GE the point is not capable of direct proof since in mechanical analysis the 
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clay is usually determined as ammonium or sodium clay and not as calcium clay. 
The fact that the BEG did not alter significantly as a result of either calcium 
chloride or NaBrO foEowed by calcium chloride treatment was proved by actual 

test on twelve of the soils. In the case of — k- the fact that no loss of silica and 

- tV 2 '->8 

sesquioxides could be detected as a result of WaBrO treatment was taken to justify 
the procedure. 

IV. Experimental results 

The data obtained for original, calcium and NaBrO treated calcium soils are 
detailed in Appendix Tables I-III. The total and fifth order partial correlations 
are given in Appendix Tables IV- VI, all partial correlations except the fifth order 
being omitted in order to economise space. The level of significance (P = 0*05) 
is about r = 0* 35 for a fifth order and r = 0*325 for a total correlation. In a few 
cases partial correlations of a lower value than r = 0*35 have been provisionally 
used in formulating the regression equations between SP and B in terms of the 
parameters GE, organic carbon, GW, etc. 

(a) Effects of treatments on mean values of carbon dioxide, organic carbon, etc. 

The effects of the various treatments employed may first be considered. 
Results are shown m Table I. 


Tajble I 

Effect of treatments on mean values 



CO g as 
carbonate 

Organic 

carbon 

Combined 

water 

SP 

moisture 

R 

Untreated soils . 

1*604 

1-398 

5*074 

40*85 

3*361 

Calcium soils . . 

1*770 

1-489 

4-013 

41*70 

3*393 

NaBrO treated calcium soils 

1*944 

0-828 

3-737 

40*10 

3*104 


In considering these results it should be remembered that certain of the de- 
terminations are calculated on air-dry ' soil and as the amount of moisture in air-dry 
soil may vary as a result of treatments employed, small differences may not be signi- 
ficant. Also certain parameters are expressed on oven-dry soil. There can be 
no doubt, however, that JSTaBrO solution removes about forty per cent of the 
organic matter on the average but the various treatments do not have a very 
pronounced action on mean values of 8P and R. The most noteworthy effect of 
the treatments is on GW, a reduction of about twenty per cent being effected by 
simple treatment with calcium chloride solution. Further, this reduction m GW 
is a mean result for all soils, half of which are calcareous. If the Mandalay and 
Sagaing soils are excluded the reduction of OPT as a result of calcium chloride 
treatment (without ISraBrO)is 34*7 per cent. This reduction in GW (and hence 
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of L 1) as a result- of replacement of H' by Ca" is the most important fact upon 
which the equations for 8P and B- are derived. If the difference between mean 
results for calcium and NaBrO treated calcium soils may be attributed solely to 
removal of humified organic matter it appears that unit weight of such organic 
matter may take up 2*42 times its own weight of water as 8P and 0‘ 443 times its 
own weight as R. 

(b) SP values 

The fifth order partial correlations detailed in appendix Tables IV- A, IV-B and 
n'-C show that 8P is controlled primarily by GW and to a less extent by organic 

carbon and the partial correlations between and organic carbon and 

- being slightly less than significant in certain cases. As would be expected, 

the untreated soils show quite different relationships from the calcium and NaBrO 
treated calcium soils and not much importance can be attached to the values for 
untreated soils. It was expected that the values obtained for calcium and NaBrO 
treated calcium soils would check each other fairly closely except as regards the 
behaviour of organic matter which is of quite different nature in the two cases and 
of course thereby affects the values for CW . Actually the fifth order partial 
correlations in the cases of calcium and NaBrO treated calcium soils check 
sufficiently well to support the conclusion that in such soils ( saturated with one 
cation only) SP is controlled primarily by CW and secondarily by organic carbon 

and tt-tt • The substitution of the single value loss on ignition [L 1) for the two 

values CW and organic carbon in the same soil causes no noticeable reduction in 
the value, of the multiple correlation coefficient and so allows of further simplifi- 
cation. The actual regression equations are given in Table II. 

Table II 
Equations for SP 

Multiple 

correlation 

coefficient 

A(l-) Original soils 

SP = 0*1294(7^ -f 4-929org. C + 1-591 Off —0-3143 BEC + 

0-<S490 

()-8826 
0-8838 


+ 19-98 . . . . 

A (2) Calcium soils 

(a) 5'P=4-456org. C + 2-766 (7TF -f 3 -206-1^- -f 16-78 

or 

SiO. 

(b) —2*637 Bl -j- 3*221 -f- 16-76 • 

A (3) NaBrO treated calcium soils 

SiG 

(a) SP =5-718 org. C+4-040 aTT+ 


+ 7-28 . 


0-9028 
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The increase in value of the multiple correlation coefficient as a result of the 
treatments given is not significant but this may be attributed to the greater 
number of constants fitted in the case of the untieated soils. Apart from the 
fact that substitution of L 1 for OW and organic carbon causes practically no 
change in the multiple correlation coefficient, the calculated values for /ST detailed 
in Appendix Table VII-A are practically identical. It may be noted that in the: 
case of the calcium soils, the constant approaches closely to 16, the usual limit- 
ing value for very sandy soils in closest packing. In the case of ISTaBrO treated 
calcium soils the constant has a much smaller value and hence it appears likely 
that NaBrO has a pronounced effect on the packing of the soil particles. 

(c) R values 

The fifth order partial correlations detailed in appendix Tables IV*B and IV-C 
do not check so well as in the corresponding partial correlations for 8P, As in 
the case of SP however, GW is the most important parameter while BEG gives a 
significant correlation in all cases. GE is on the verge of significance for NaBrO 
treated soils only. Carbon dioxide is significant in the case of original and calcium 
SiO 

soils only while q - is significant in the case of original and calcium soils only. 
SiO 

The omission of g-^^^in the case of NaBrO treated calcium soils causes the cal- 
culated values given in Appendix Table VII-B to fall in to classes determined by 
soil type, in spite of the comparatively low partial correlation coefficient (r = 

0* 1949) between E and^- f "^ - , In the case of NaBrO treated calcium soils, two 

equations have therefore been given, one with and one without taking into consid- 
SiOs 

oration 


The equations for B are given in Table III. 

Table III 
Equations for R 


B (1) Original soils. 

i? = 0-1819 002 + 0-2139(717 + 0*1437 1*325-^0' 

— 3-129 , 

B (2) Calcium soils 

E = 0-1053 002 + 0-3828 OW + 0- 1428 J5JS?(7 + 1-002+% 

— 2-708 . . . . . . . . 

B (3) NaBrO treated calcium soils 
(a) E = 0-03121 0 • 4030 OIF + 0 - 06065 BJS/a — 0 • 653 

■ or 


Multiple 
correlation 
coefficient E 


SK)^ 

2^8 


0-9166 

0-9672 

0-9126 


(b) 


E = 0-01111 GE+ 0*4918 CTF + 0-0870 + 0-7828 

— 2-266 . . . . . 


SiO^ 

0-9371 
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The improved values of the multiple ooirelation coefficient as a result of soil 
treatments are not significantly better than that for the untreated soil. Even when 

— is included in equation B (3) (b) the soils still tend to fall into classes 

according to their origin hut the agreement between observed and calculated values 
is better for equation 3 (B) (b) than for 3 (B) (a). The constant becomes relatively 

large when 51 .— appears because the minimum value for any soil is 1 • 42 

and the average 2 • 24. It appears that NaBrO treatment has proved unexpectedly 

drastic in its effect on B- The partial correlations for carbon dioxide, GW, BEG, 

mo . 

and JR check very well in the case of original and calcium soils but of these 

values only GW and BEG retain significance in the case of NaBrO treated soils. 
These differences must be ascribed to NaBrO treatment. 

V. DISOTTSSIoK OS' RESULTS 

Martin [1928] has pointed out that tropical soils have higher GW than non- 
tropioal soils, pointing out that H and F. J. Warth obtained up to 28‘1 per cent 
GW for Indian laterites while Lacrois found up to 30 per cent in French Guinea 
and Koert up to 27 ‘9 per cent at Amani, Tanganyika. Martin also pointed out 

that GW is inversely proportional to the ratio in the clay if ferric oxide is 

constant. Coutts [1929] from his studies on Natal soils gave the following equation 
connecting NP and i I:— 

£fP =2*05 + 17-6 ±3*1 

and the relatively poor fit of this equation may possibly be due to the fact that the 
soils were of varying degrees of saturation. The fact that GW or Z 1 is reduced 
by replacement of H ions by Ca’agrees with Jenny’s contention [1932] that part 
of the combined water in H systems is the “ potential water molecules ” formed 
by exchangeable BE ions and the OH ions in the alumino-silicate crystal lattice 
framework. The partial correlation coefficients detailed in Tables IV--VI leave no 
room for doubt that both SP and B are directly related to GW and that, other 
things being equal, not only will SP and B tend to be greater with tropical than 
with non-tropical soils but in general both SP and P will be higher in sour than in 
neutral or calcareous soils. 

The multiple correlation coefficients for the equations given m Tables II and 
III are all very significant hut the appHoation of the equations to the calculation 
of SP and B shows that while SP may he calculated satisfactorily, the calculated 
values of P iu many cases differ so widely from the actual values that the equations 
for P are of little or no practical use. This is clearly shown in Appendix Table 
VUE. The fact that SP may he fairly accurately calculated in soils containing 
only one replaceable base whereas P cannot be satisfactorily calculated, in spite 
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of the Hglier mnltiple correlation coefficients, is to be ascribed to the fact that 
/SP includes about sixteen per cent interstitial water which is included within the 
BP values, so rendering errors between actual and calculated values of a lower 
order than is the ease for M which includes no such mterstitial water. 

For practical use the calcium soils offer advantages over the NaBrO treated 
calcium soils, Eeference to Appendix Table VII- A shows that equations A ( 2 ) (a) 
and A ( 2 ) (b) give almost identical results, the maximum difference in the calcu- 
lated BP values for any soil being only 0*60. Both equations break down in one 
case only, e,g, for soil B. 624 which is a very sandy soil in which the determination 
of BP is difficult and almost meaningless. Since equations A ( 2 ) (a) and A (2) (b) 
give practically identical results there is no real advantage in expressing L 1 
separately as organic carbon and GW. In equation A ( 2 ) (b) the partial correlation 

between-^y^ — and BP is of a low order only, viz. r = 0*2924 with P about 0*1, 

^ ® SiO SiO 

Hence the equation may not be used for calculatingg' o'^ . Also, if -]^'~-^ j-'be 

omitted, the equation further simplifies to 

/SP =2*637 PI + 23*98 

the correlation between BP and L 1 having the highly significant value of 0*8672. 
Hence in soils saturated with calcium and containing no extreme ratios ofig^Q^ > 

provided such soils are not extremely sandy, this equation fits very well. When 
applied to the corresponding soils in this case, twenty-seven soils have an error 
less than ten per cent, nine between ten and twenty per cent and two have an error 
greater than twenty per cent. The last two cases occur with soils B. 624 and 
B. 961. The sandy nature of B. 624 has already been referred to while B. 951 
has more non-humified organic matter than any of the soils used although whether 
this is the cause of the difference between actual and calculated 48 P values is not 
known. 

On the whole, therefore, the information yielded by determination of BP 
appears to offer no advantages over that given \>y L 1 and suice P I is a much 
better controlled determination, less subject to personal errors, P I is to be preferred 
to BP. 

The case of R is by no means conclusive. So far as information yielded by the 
■ parameters used is concerned, BP and B seem to differ fundamentally although 
both are influenced largely by GW in the same direction. Thus organic carbon 
seems to be without effect on B but influences BP while carbon dioxide and BEG 

affect B but not BP. Of the parameters which affect P, GE, GW and^^^~ are 

in turn known to be correlated to BEG and hence it appears that B is much more 
influenced by BEG than BP. The fact that BEG alone is not adequate to deter- 
mine B is possibly due to imperfections in the method used to determine BEG. 

8 a 
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Also the substitution of^^(mo]r.) for (molr.) might possibly simplify 

..the relationships but there is at present no possibility of re-examining the work 
on these lines. Perhaps the most surprising part of the work is the fad that 
.organic carbon is without influence on R. This emerges from treated and untreat- 
ed soils, all three cases showing a negligible partial correlation between R and 
organic carbon. Although R appears to depend upon BEG and parameters 
related to BEG and aLo to the amount of carbonates present in the soil, the rela- 
tionships obviously require further examination. Certain of the determinations, 
especially organic carbon and GW are approximate only and as a result the depen- 
dence of R upon CE, GW, carbon dioxide, etc. may be obscured. The small errors 
due to use of parameters based on air-dry soil and in other cases on oven-dry 
soil may also possibly contribute to the same result. 

VI. CON-CLOSIONS AKD STJMMAEy 

1. In an examination of the effect of clay, carbonates, organic carbon, combin- 
ed water, (molecular) in clay and base-exchange capacity on moisture at the 

Sticky Point and R, in untreated soils and in the same soils saturated with calcium, 
.with and without removal of humified organic matter, considerable differences in 
behaviour of SR and R have been found. 

2. Cold NaBrO sojution removed about forty per cent organic matter on the 

average and was as successful with calcareous as with sour soils whereas hydrogen 
peroxide is not successful in removing organic matter from these soils. ° 

3. The combined water was reduced on the average by about twenty per cent 
by saturating the soils with calcium ions. Excluding the group of calcareous 
soils, the reduction on the remainder was 34*7 per cent. The reduction is attri- 
buted to the fact that sour soils on ignition lose water by combination of exchange, 
able hydrogen and hydroxyl ions from the alumino-silieate crystal lattice framework- 
If this exchangeable H' is replaced by calcium, such loss cannot occur. 

4. Sticky Pomt moisture appears to vary with organic carbon and combined 
water (or loss on ^ignition) so long as calcium is the only replaceable base. Under 

these conditions L 1. S P = 0-8672 and the Sticky Point moisture may be cal- 
culated with fair accuracy from the equation ‘ 

SR = 2 637Ai-+-23-98 

The equation is not very accurate for very sandy soils and may fail if the soils have 
very high or very low ratios. 

5 Although R varies with combined water to a great extent as in the case of 
SP. It appears to depend largely upon base-exchange capacity or values known to 

be related to the base-exchange capacity. Carbonates and the ratio may 
also aflect R and further examination of this value is required. 
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Professor P. C. Malialanobis has poirited out that application of the method 
of analysis of variance offers advantages in studying the relative importance of the 
various parameters at each stage of the correlational analysis. Owing to his 
transfer to other work the writer has had no opportunity to re-examine the work on 
these lines. Mr, E. G. Lewis, Lecturer in Mathematics, Rangoon University, has 
independently repeated the examination of the data for untreated and calcium 
soils utilizing the method of analysis of variance. His results check those quoted 
in the paper so closely that the regression equations are practically identical. To 
these two gentlemen, as well as to several assistants in the chemical section of the 
Agricultural College, Mandalay, the writer desires to express his thanks and parti- 
cularly to Mr. M, Menon, B.A., who has devoted a great deal of his own time to 
checking of arithmetical work. 

It would have been of advantage had the standard error of the regression 
coefficients been calculated. XJnfortimately, for reasons previously stated, the 
writer is unable to devote any more time to the subject and the paper has neces- 
sarily to be published in its present fonn. 
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Appendix 

Table I 


Original soils 


Soil No. 

Clay 

equiva- 

lent 

COa as 
carbo- 
nate 

Organic 

carbon 

Com- 

bined 

water 

SiOg 

Ki20s 

(Molr.) 

SiOa 

AI 2 OS 

(Molr.) 

BBC 

S P 
water 

R 

Hmawbi good 0-6'^ 

31 -01 

0*03 

0-980 

2-528 

2-48 

2-71 

10-50 

41-23 

2-099 

B610 . . . 

56-17 

0-04 

1-558 

9-797 

2-16 

2-62 

21-00 

43-96 

4-435 

B6ia . . . 

67*59 

0-04 

2*198 

11-454 

2-22 

2-56 

27-83 

1 49-03 

6-5.37 

B618 A . . 

49-81 

0-06 

1-784 

8-176 

2-40 

2-90 

20-17 

43-66 

3-869 

'B621 

22-80 

0*04 

0-904 

2-946 

2-61 

2-93 

5-42 

22-85 

1-328 

■B 951 i . 

75*85 

0-07 

2-763 

7-706 

1-57 

1-99 

19-75 

49-47. 

1 3-937- 
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Table I — cordA- 


[VI. V 


Soil Ko. 

Olay 

eauiva- 

lent 

COaa? 

carbo* 

nate 

Organic 

carbon 

Com- 

bined 

water 

SiO* 

BsOs 

(Molr.) 

SiOa 

AlaOa 

(Molr.) 

BBC 

S P 
water 

JR 

B 957 





73*66 

0*10 

2*915 

4*680 

1-85 

2*26 

19*83 

63*28 

3*905 

B988 





37*99 

0*03 

1*306 

2*545 

2*05 

2*51 

7*92 

34*38 

1*576 

B 992 





60*85 

0*02 

1*753 

2*963 

2*65 

8*19 

14*66 

44*32 

2*528 

B999 





36*86 

0*02 

1*601 

2*241 

2*60 

8*21 

11*83 

34*76 

1*581 

B 1010 





44*83 

0*02 

1*177 

2*750 

2-68 

3*26 

10*33 

40*44 

1*772 

B1016 





44*00 

0*04 

1*637 

3*664 

2*42 

2*89 

8*67 

41*81 

1*903 

B 1031 





36*26 

0*01 

1*237 

2*061 

2*60 

3*13 

10*25 

80*74 

1*689 

B 1129 





22*60 

0*04 

1*646 

8*847 

1*65 

1*77 

9*17 

48*63 

2*606 

BllSl 





30*12 

0*04 

2*239 

10*279 

1*65 

1*75 

10*33 

56*16 

3*105 

B1133 





32*39 

0*07 

1*015 

11*646 

1*90 

2*25 

13*00 

65*48 

3*177 

B1135 





27*13 

0*06 

1*287 

12*690 

1*65 

1*75 

8*83 

49*23 

3 -164, 

B1137 





20*30 

0*04 

1*080 

4*426 

1*42 

1*62 

7*42 

84*32 

1*351 

B1139 





12*65 

0*11 

0*777 

3*707 

1*92 

2*39 

7*26 

31*53 

1*359 

B1141 





9*70 

0*02 

0*566 

2*719 

1*80 

2*25 

5*42 

27-95 

0*993 

B1143 





15*51 

1*12 

0*879 

4*412 

1*94 

2*36 

6*17 

46*14 

1-5S6 

Kanda Tank 




50*71 

9*082 

2*146 

6*188 

2*37 

2*87 

1 21*09 

46*32 

5*266 

Mandalay 1 




68*34 

3*488 

0*830 

4*501 

2*70 

8*35 

16*00 

36*42 

6*867 


10 




65*71 

2*887 

0*633 

5*649 

2*49 

8*02 

27*60 

40*84 

6*418 


13 




62*18 

6*378 

2*276 

5*004 

3*63 

4*30 

10*50 

64*31 

6-916 


21 




34*34 

1*101 

1*137 

6*183 

2*11 

2*68 

20*08 

41*78 

3-983 


27 




46*07 

6*733 

1*296 

3*965 

2*19 

2*69 

15*67 

37*62 

3*389 


28 




56*01 

1*207 

0*890 

2*672 

2*38 j 

2*88 

27*67 

88*00 

5*473 


33 




41*50 

2*399 

0*935 

3*970 

2*35 

2*90 

16*17 

84*34 

3*436 


34 




39*51 

1*134 

0*684 

4*706 

2*37 

2*90 

19*00 

30*94 

3* 697 


35 




61*62 

1*025 

1*007 

4*029 

2*14 

2*69 

22*08 

34*62 

4*628 


36 




64*04 

0*871 

0*933 

3*984 

2*03 

2*48 

23*68 

36*38 

4*623 


38 




41*67 

4*094 

0*341 

4*480 

2*01 

2*43 

14*67 

32*15 

3*858 

Old 

28 




52*28 

6*360 

2*644 

5*763 

1*99 

1 2-36 

22*50 

88*83 

4*656 

Old 

57 




68*69 

4*160 

4*017 

4*346 

3*48 

4*28 

11*17 

63*80 

6*270 

Singairg 

1 




34*49 

3*012, 

0*894 

2*286 

2*17 

2*74 

11*50 

37*87 

1*826 


2 




33*96 

2*240 

0*656 

2*169 

2*41 

2*97 

13*33 

82*39 

00 


3 




62*89 

2*764 

0*721 

1*909 

2*66 

3*15 

19*33 

37*18 

3*724 

Means 

• 




43*08 

1*604 

1*398 

1 

5*074 

[ 

2*24 

2*70 

14*94 

40 -PS 

3*361 



I 

i 

'f 

I 

I 
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Table II 


GaClz treated soils 


Soil No. 

CO a as 
carbonate 

Organic 

carbon 

Combined 

water 

Sticky 

point 

water 

E 

Hmawbi Good 




0*09 

0*920 

2*032 

38*05 

2*292 

610 




0-03 

1-520 

3-549 

46-72 

4*434 

616 




0-06 

2*182 

4*130 

51*67 

5*542 

618 




0*07 

1*724 

4*941 

44*31 

3*815 

624 




0-01 

0*899 

1*749 

21*15 

1*141 

961 




0*13 

3 *364 

8*674 

51*49 

4*722 

957 




0*11 

2*900 

6*427 

53*85 

4*175 

988 




0*05 

1*231 

2*482 

33*41 

2*025 

992 




0*17 

1*625 

3*336 

42*26 

2-921 

999 




0*04 

1-473 

2*420 

38*30 

2*062 

1010 




0-08 

1*073 

2*466 

38*56 

1*782 

1015 




0*05 

1*624 

2*946 

40*19 

1*908 

1031 




0*04 

1-197 

2*867 

33*72 

1*535 

1129 




0*04 

1*660 

5*125 

47*37 

2*191 

1131 




0*11 

2*162 

6-099 

54*87 

2-750 

1133 




0*04 

1-834 

5*124 

50-88 

2*861 

1135 




0*06 

2*321 

6*750 

47*03 

2*783 

1137 




0*11 

1*021 

2*208 

34*05 

1*337 

1139 




0*08 

0*833 

2*457 

31*85 

1*203 

1141 




0*07 

0*539 

1*689 

27*93 

0*891 

1143 




1*10 

0*936 

2*368 

34*27 

1*339 

N. T. 




9*11 

3*135 

4*450 

47*16 

4*999 

Mandalay 1 




3*94 

1*190 

4*628 

41*36 

6*265 

„ 10 




2*99 

0*912 

5*815 

45*00 

6*508 

» 13 




7*14 

1*763 

7*375 

55*32 

6*663 

„ 21 




1*20 

1*808 

4*323 

41*85 

3*830 

,, 27 




7*03 

1*555 

3*251 

37*64 

3*195 

„ 28 




1*28 

1*208 

3*605 

44*80 

5*407 

,, 33 




2*38 

1*069 

3*936 

i 38*41 

3*399 

„ 34 




1*28 

0*696 

2*305 

32*22 

3*635 

,, 35 




1*54 

1*249 

3*222 

40*32 

4*457 

„ 36 




1*15 

0*958 

5*017 

40*81 

4*532 

« 38 




4*46 

0*599 

3*725 

34*65 

3*267 

Old 28 




6*33 

2*304 

5*445 

45*84 

4*988 

Old 57 




5*81 

3*158 

6*618 

65*94 

6*825 

Singaing 1 




3*19 

0*841. 

3*324 

38*56 

2*421 

»» 2 




2*47 

0*523 

2*283 

32*78 

2*658 

3 




3*29 

0*593 

3*433 

40*16 

4*279 

Means . 




1*77 

1*489 

4*013 

41*70 

3*393 
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Table III 


NaBrO treated, calcium soils 


Soil No. 

CO 2 

as 

carbonate 

Organic 

carbon 

Combined 

water 

Sticky 

point 

moisture 

E : 

Hmawbi good 0-6''' 



0*18 

0*486 

2*342 

37*90 

2*026 

B 610 . 



0-34 

0*729 

4*510 

46-48 

■- 4*226 

B 616 . 



0*30 

1*175 

5*161 

50-91 

^ 5*279 

B 618 . 



0-21 

0*923 

3*846 

42*00 

3-746 

B 624 . 



0*10 

0*427 

1*200 

■ 23*87 

- , 1*047 V 

B 951 . 



0*42 

2-633 

5*865 

48*58 

4*100 

B 967 . 



0-41 

2*208 

5*264 

53 * 05 

3-849 

B 988 . 



0*20 

0*717 

2*399 

31 •23 

1*659 

B 992 . 



0*22 

1*079 

2*643 

40*10 

2*576 

B 999 . 



0*19 

0*922 

1*508 

32-75 

1*749 

B 1010 ; 



0*15 

0*674 

2*488 

38*04 

1*905 

B 1015 . 



0*15 

1*125 

3*174 

39*53 

. 2*120 

B 1031 . 



0*59 

0*338 

3-963 

29*98 

1*590 

B 1129 . 



0*20 

1*223 

5*064 

45*66 

2*503 

B 1131 : 



0*19 

1*783 

6*063 

51*72 

3*195 

B 1133 . 



0*19 

1*471 

4-805 

■ 52*48 

3*221 

B 1135 . 



0*27 

1*883 

5*723 

46*52 

3*219 

B 1137 . 



0*11 

0*707 

1*852 

32*42 

1*370 

B 1139 ; 



0*22 

0*508 

1 * 965 

29*83 

1*165 

B 1141 . 



0*13 

0*300 

1*451 

23*65 

0*753 

B 1143 . 



1*22 

0*630 

2*062 

32*19 

1-208 

Nanda Tank 


« 

9*75 

1*148 1 

5*910 

■ 43*77 

4-293 

Maadalay 1 . 


• 

4*38 

0*511 1 

3*976 

41*05 

5*152 

10 . 



3*18 

0*399 

4*681 

46*47 

5*995 

13 . 



7*34 

0*694 

6*178 

55*61 

5*262 

21 . 



1*44 

0*812 

3*728 

38*96 

3*149 

» 27 . 



7*01 

0*756 

3*240 

36*19 

2*793 

» 28 . 



1*52 

0*506 

3*582 

42*20 

4*481 

j. 33 . 


« ' ' 

2*87 

0*396 

4*179 

34*48 

2*665 

3j 34 • 


« 

1*43 

0*333 

2*719 

31*34 

2*842 

33 35 • 


• 

1*30 

0*513 

3*364 

39*19 

3*568 

33 36 . 


« 

1*17 

0*486 

3*930 

37*18 

3*794 

„ 38 . 


♦ ' 

4*23 

0*380 

3*706 

33*22 

3*195 

Old 28 . 


• 

6*76 

0*679 

4*675 

44*50 

4*031 

Old 67 , 


• 

6*22 

1*093 

5*691 

63*86 

5*719 

Singaing 1 . 


• 

3*42 

0*299 

3*034 

34*45 

2*029 

33 2 . 



2*75 

0*230 

2*760 

31*83 

2*449 

33 3 . 



3*11 

0*376 

3*304 

40*44 

4*010 

Means . 

• 


1*944 

0*828 

3*737 

40*10 

. 3*104 
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Table IV 


Origincd soils (untreoied) 


(A) SP Con-elations 
Put SP - 1 
GE ^2 
CO 2 = 3 
Organic carbon = 4 
OTF = 5 ' 
BEG = 6 
SiOa « 
EaOs" 


(B) R Correlations 
Put R = 1 
GE ==2 
CO, = 3 
Organic carbon = 4 
GW = 5 

BEG = 6 
SO 7 
RgOa" 


0*4468 


0-2592 *^34 = 0*1836 ^45 - 0*3471 


0*03922 


0*09683 ^24 = 0*5720 


= 0*7447 
= 0*6112 
= 0*1136 


= —0*1629 
•34567 = 0*4041 
*24567 = 0*2374 
•23567 = 0*4126 
*23467 = 0*5204 
•23457 = —0*3859 
*23456 = —0*3950 


0*2004 


0*1629 
= 0*7266 
= 0*3496 


/— 0*1405 
= 0*2297 

= 0*3384 


= 0*1109 57 ==— 0*4072 

=0*1603 


= 0*7947 23 =0*2892 


= 0*03922 


= 0*4599 


0*5720 


0*4299 25 = 0*1629 


= 0*3570 26 = 

= 0*7546 % = 
= 0*3172 
*34667 = 0*2652 


0*1835 


0*3471 ^56 = 0*2004 


=__0*1405 46 = 0*1109 


0*2297 


= 0*7266 37 = 0*3384 

: 0*3498 


0*1603 


: —0*4072 
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^13-24567 = 0-5208 
*‘14-23567 = 0-03149 
*^16-23467 = 0-6214 
*‘16-23457 = 0-4974 
*^17-23456 = 0-4839 



Table V 


CaOls trmkd soils 


(A) SP Correlations 
Put SP =1 
CE = 2 

COg = 3 
Organic carbon = 4 
GW ^5 
BEG = 6 
SiOa _ 

R2 Oa" 


{B) R Correlations 
Put 2 ? *1 
GE =2 
CO 2 =3 
Organic carbon =4 
Off = 5 
BEG ^6 

RaOj 


A 



12 = 0-6565 ^^23 = 0*3200 34 

^61 = 0-03922 

'‘13 = 0-2453 *‘24 = 0-6250 ''35: 
*^14 = 0-7695 *^25 = 0-6156 *‘36 
*^15 = 0-8139 *”26 = 0-7266 *^37= 
*^16 = 0*3697 *‘27 = 0-3496 
'‘17 = 0-1264 
'^12-34667 = —0*01485 
13*24567 = —0* 1659 
14*23567 = 0-4910 
15*23467 = 0-6483 
16*23467 = 0*1611 
17*23466 = 0*2924 
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B 

^12 = 0*8652 ^23 = 0*3200 ^34 = 0*2260 '*45 = 0*7210 ^56 == 0*3367 

767 = 0*03922 

^13 = 0-4923 ^24 = 0*5250 hs = 0*2596 '*46 = 0*2211 ^57 = —0*0370 

'’14 = 0*4520 '’25 = 0*6156 '’36 = 0*2174 ''47 =—0*07098 

'’15 = 0*6549 '’26 = 0*7266 '’37 =0*3974 

'’16 = 0*7739 '’27 = 0*3496 

'’17 = 0*3676 

'’12*34567 = 0*1760 

'’13*24567 = 0*3843 

'’14*23567 = —.0*06015 

'’15*23467 = 0*6442 

'’16*23457 = 0*7137 

'’17*23456 = 0*5319 

Table VI 


NaBrO treated calcium soils 

{A) 8P Correlations (B) B Correlations 


Put S'P = 1 
CP = 2 
COj = 3 
Organic carbon = 4 
GW = 5 
BBC = 6 
SiOg _ - 

PgOg 


Put i? = 1 
GE ^2 
COg = 3 
Organic carbon = 4 
CIV = 6 
BEG = 6 
SiO» „ 

Rg Oj 


A 

’’12 = 0*6790 '’23 = 0*2984 '’34 =—0-2213 ’’45 = 0*5822 ’’56 =0*4030 

’’67 = 0*03922 

’’13 = 0*2342 ’’24 = 0*3192 ’’35 = 0*3343 ’’46 = 0*02301 *’57 = -4)»009638 

’’14 = 0*6005 ’’25 = 0*6028 ’’36 = 0*2288 ’’47 = — 0*3987 

’’is = 0*8679 ’’26 = 0*7266 ’’37 = 0*4111 

’’16 = 0*3863 '’27 = 0*3496 

9a 
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^17 = 0-1402 
^12-34567 = 0-07427 
''13-24567 =-0-1248 
''14 >23567 = 0-3145 
'^15-23467 = 0-6904 
'^16-23457 = 0-07186 
'^17-23456 = 0-3320 


B 



'‘12 = 0-8448 '‘23 = 0-2984 ''34 = —0-2213 

''67 = 0-03922 

^13 = 0-4547 '’24 = 0-3192 '*35 = 0-3343 

^14 = 0-2161 ''25 = 0-6028 ''36 = 0*2288 

^15 = 0-7517 '*26 = 0-7266 '*37=0-4111 

'’16 = 0-7290 '*27 = 0-3498 

'*17 = 0-3101 

'’12-34567 = 0-3445 

'*13-24567 = 0*1015 


'*45 = 0-5822 '*56 = 0-4030 

^46 = 0-02301 '^57 = —0-009638 
'‘47 = — 0-3987 


'*14-23567 = — 0-1845 


'^15-23467 = 0-6613 
'*16-23457 = 0-3642 
'^17*23456 = 0-1949 


Sticky Point moisture — actual and calculated values 
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0-063 +0-190 0-436 +0-317 



NaBxO treated calcium soils 
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4*010 I 3*502 +0*512 3*632 1 +0*378 



BINGLK-VaLTIE son, PKOPteETIES 

Table VIII 

Differences between actual and calculated values for S. P. and E- 


Error in /S, P* ! CJntreated soils 


Calcinm soils 

li) ~ 

ition A <2) [Eqi 
(a)] 


KaBrO treated calcium soils 


Less than 10 
per cent 


10-20 per cent 


20 per cent 


Error in R 


r 

[Equation A(2) 

m 

, (a) 

[Equation A (3) 

(ff)] 

m 

[Equation A(3> 

30 

29 

29 


11 


2 


Untreated soils 
[Equation B (1)] 


Calcium soils 
[Equation B (2)] 


NaBrO treated calcium soils 

I ^ _ 

[Equation B(3) [Equation B (3) 

ia)] m 


Less than 10 
per cent 

11 

21 

19 

20 

10-20 per cent 

15 

11 

10 

12 

20. per cent ' 

12 

i 

9 

e ■ 



MPlb BETERMINATION OP SOIL-MOISTURE BY BRYIl^G 
THE SOIL OVER BUNSEN BURNERS 


BY 

ASHUTOSH SEN, 

AgricuUuml Research Section, Department of Chemistry, Dacca University 
(Received for publication on 21st February 1936) 

In soil investigations it is often necessary to bave a quick estimate of mois- 
ture mth a fair amount of accuracy in soil samples brought fresh from the field. 
Methodsf suggested by Bouyoucos [1926] and Nitzch [1927] for the rapid deter- 
mination of soil moisture are one and the same in essence and consist in adding a 
definite volume of alcohol of known specific gravity to a definite weight of moist 
soil, shaking the mixture for a few minutes and finally determining the specific 
gravity of the semi-clear liquid obtained on standing or by fiOltration. These 
methods are based on the assumption that aU the moisture in the soil goes to dilute 
the added alcohol the specific gravity of which is not affected in any other way. 

The author tried this alcohol method on a number of heavy Rothamsted soils 
in connection with another investigation reported elsewhere [1932] in which 
a rapid determination of moisture content in a number of fresh soil samples had 
to be made almost daily for eighteen months. It was found that in the majority 
of cases the percentage of moisture obtained by the alcohol method was lower than 
the oven-dried percentage by more than 1-5 per cent and in some cases by five 
to seven per cent if the soil happened to be very sticky The shaking of mixture 
of alcohol and soil in an end- over-end-shaker from tinrty minutes to one hour 
gave better results, but the values were still more than 1-1*5 per cent too 
low, Shaking for longer periods was not tried for obvious reasons.** 

* This work was carried out at the Rothamsted Experimental Station while the 
author was in England dm-mg 1927-29. Owing to pressure of work he could not 
write out and communicate the paper for publication so long, 

t Recently Obaton [1985] has elaborated a rapid method for determdnmg soil mois- 
ture from the measurement of electrical resistance in soil using alternating current. 
Complications arising out of the presence of varying amount and nature of colloidal 
materials in soil are, however, likely to make this method unsuitable for general use. 
Obaton himself observed that colloid soil behaved differently from sandy soil. 

f Later on Smith and Flint [1930] also tried the alcohol method and foimd it to be 
unrehable for fine textured soils and those containing alkali, 

^ Bouyoucos [1931] subsequently admitted the defect in his original method and 
tned to improve it by introducing mechanical dispersion of soil by a motor-driven 
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If therefore became necessary to try other methods and the possibility of 
drying the soil directly over Bunsen burner was tested, A quantity of moist soil 
(between ten and fifteen grams, was found to be very convenient) was taken in a 
fused silica basin and placed over a rose burner (preferably a mushroom head 
as sold by Messrs. A GaUenkamp Co. Ltd., specification No. 214) at a height 
of about two to three inches from the flames so as to hate the heat evenly distri- 
buted at the bottom of the basin. The soil was constantly stirred and small 
clods broken, as drying proceeded, with thin metal rod having a glass or wooden 
handle. The colour of the soil changed due to loss of moisture and it was easy 
to detect when the soil was dry without burning it. After the soil was apparently 
dry it was still kept over the flame for half a minute or so to ensure complete loss 
of moisture. It takes three to six minutes for a soil to dry completely. It is 
advisable to remove the basin off the flame for about twenty seconds once or twice 
during the heating to avoid burning of the soil. It was found that percentages of 
moisture of the Rothamsted soils obtained in this way were seldom higher than 
those obtained by drying overnight in a steam oven at 98°-99® C. by more than one 
per cent. With a little practice the difference averaged round about 0*5 per cent 
by the two methods, the percentages by [the Bunsen burner method being 
generally higher. It has been possible to determine moisture content of ten differ- 
ent soils weighing, drying, calculation etc., aU complete in one hour and fifteen 
minutes. Table I below gives the percentages of several Rothamsted soils cal- 
culated on the dry basis and determined simultaneously by the three methods 
viz., by drying over Bunsen burner, by drying in a steam oven for twenty-four 
hours, and by alcohol. All percentages of moisture by the alcohol method were 
determined after shaking the mixture of soil and alcohol vigorously for one minute 
and then filtering a portion of the supernatant Mquid after half an hour’s standing 
except those which are followed by the figure (|h.) or (Ih.) in which case the 
mixture was shaken for half or one hour respectively. 


Table I 

Showing the comparison between percentages of moisture of several heavy Rothamsted 
soils as determined by three different methods 


Soil Xo. 

Percentage of moisture as determined b 5 ^ 


Percentage of moisture as determined by 

Drying 

over 

Bunsen 

burner 

Drying 

in 

steam 

oven 

Alcohol 

method 

Soil Xo. 

Drying 
. over 
Bunsen 
burner 

Drying 

in 

steam 

oven 

AlCohoi 

method 

1 

7-3 

6*8 

5*3 

32 

16-5 

16*5 

12*6 

2 

7-3 j 

6*6 

5*1 

33 

16*5 

16*2 

9*3 

3 

8*3 1 

7-6 

%-6 

34 

16*6 

16*2 

15*5 a 0 .) 

4 

■9*1 

8-5 

t 8*2 (i ll.) 

35 

16*7 

16-5 

15*1 

5 

9*7 

9*5 

7*1 (Ih.) 

36 

16*8 

15*9 

11*7 ■■■; 
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Table I — contd. 



Sott No. 


Percentage of moisture as determined by 


Drying 

Drying 1 

1 

over 

in 1 

AlcoboJ 

Bunsen 

steam j 

1 method 

biimei 

oven 


Soil No. 


Percentage of moisture as determined by 


Drying 

over 

Bunsen 

burner 


Drpng 

steam 

oven 


Alcobol 

metliod 


9*0 

10*2 

10*3 

11*0 

10*8 

10*3 

11-8 

11*2 

11*3 

12*1 

12*6 

12*9 

13*1 

13*2 

13*3 

13*8 

14*9 

13*9 

14*5 

14*6 

14*8 

16*3 

15*1 

15*8 

14*9 

15*8 


7*0 

8*6 

9*7 (1 h.) 
9*9 (|h.) 
10*9 a b.) 
8*3 

9*2 (1 hO 
8*1 

7*9 (1 h.) 
11*3 
9*4 
10*3 

12*3 (lb.) 
11*5 

12*8 (i h.) 
12*5 

14*1 (lb.) 
13-1 (lb.) 
10*4 
12*8 
12*9 

15*0 (1 b.) 
15*1 (lb.) 
13*4 
13*0 
14^:5 


17*0 

17*2 

17*4 

17*7 

17*7 

17*7 

18*1 

18*3 

18*5 

18.9 

18*9 

19*7 

20*3 

20*4 

20*6 

20*9 

21*4 

22*4 

22*8 

23*8 

23*8 

24*0 

26*9 

26*9 

27*6 

29*4 


16*7 

17*7 

16*9 

17*6 

17*6 

16*9 

18*3 

17*5 

17*5 

18*4 

18*3 

20*6 

20*1 

19*9 

20*9 

20-4 

20*9 

22*7 

22*3 

23*2 

24*0 

23*9 

25*6 

25*3 

26*3 

28*2 


14*8 (IhO 
12*8 
14*7 
10*2 

15*2 (1 b.) 
16*1 
14*1 
12*6 
15*3 
7*6 

18*4 (1 b.) 
13-8 
13*8 
14*5 

19*6(1 h.) 
18*7 (lb.) 
19*6 
12*7 

20*5 (1 bO 
18*2 

20*0 (1 h.) 
16*6 
18*8 
17*9 
27*3 
19*9 


It is evident from the above table that percentage of moisture obtaineTw 
directly over, the Bunsen burner is on the average higher than that obtained 
by heating overmght in steam oven by 0-5 to 1-0 per cent until the moisture 
content of the soil exceeded twenty^five per cent when the difference was slightly 
neater than one per cent. It should be mentioned in this connection that the 
temperature of the steam oven averages between 98'’-99'’ C. and consequently 
the percentage of moisture obtained by drying in the oven is lower than the 
standard percentage obtained by heating overnight at 105°C. So that the actual 
ditterence between the true oven-dried percentage and the percentage by drying 
9y?r Bunsen burner -^‘U he much smaEer fs shoym m Table m later on, ‘ ^ 
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With sandy soli pi'ecisely the same results as above were observed ; but in 
this case fair agreement of the percentage by the alcohol method with that by the 
steam oven was obtained until the moisture content of the soil was higher than 
fourteen to fifteen per cent as will be seen in Table II below. 


Table II 

Showing the comparison between percentages of moiskire in Woburn sandy soils 
as determined by the three different methods 


Soil No. 

Percentege of moisture as determined by! 


Percentage of moisture as determined by 

Drying 

over 

Bunsen . 
burner 

Drying j 
in ; 

steam 1 
oven i 

I 

Aloobol 

method 

Soil No. ' 

I . i 

1 

Drying 
over ' 
Bunsen 
burner 

Drying 

in 

steam 

[ oven 1 

I . ' ' 

i Alcohol 
method 

1 

5-3 

5 * 4 : 1 

1 

5-4 

7 

12*1 

13*4 

12*1 

2 

6-8 

6*2 

5*8 

8 

13*3 

12*9 

12*8 

3 

6*7 

7*0 

6*4 

9 

15-0 

14*4 

12*7 

4 

8*5 

9*3 

9*1 

10 

15«2 i 

14*7 

12*9 ah .) 

5 

10-5 

10*5 

11-2 

11 

16*0 

15*2 

! 14*0 a h .) 

0 

. 11-7 

11-3 

. 11*1 

12 

18*1 

17*4 

1 14*6 


Before proceeding further it is intended to discuss briefly the possibilities of 
error in the Bunsen burner method. This is specially desirable in view of the 
fact that the method in which the soil is heated directly over the flame may appear 
drastic at first sight. 

From the point of view of heating, the soil can be resolved into four com- 
ponent parts viz,, inorganic matter, moisture, organic matter and combined 
water. The inorganic matter is unaffected by heat in so far as its mass is con* 
eerned. The moisture is driven off at 110°- 130^^0. The organic matter begins 
to be destroyed at temperatures above 110° C. but the destruction remains 
nominal until 170°-190°C. Upwards of 250° 0. the loss in soil is mainly that of 
combined water. In the Bunsen burner method, therefore, no burning of organic 
matter or loss of combined water will take place until all the moisture is driven 
off, pi*ovided the soil is kept stirred and procedures followed as stated in the experi- 
mental details. After the soil is apparently dry it is still kept over the flame for 
half a minute or so to ensure complete loss of moisture. During this time the 
soil may be heated up to about 200°C. thereby causing some loss of organic matter, 
but that loss for the reason stated above, is nominal. However, to test this 
point further, five diff'erent soils containing varied amounts of organic matter were 
subjectedln heating oVer Bunsen burner. These soils were available in the air- 
dried condition. Consequently they were taken in earthen pots and were exposed 
to changes , in weather for about three weeks. Samples were collected from these 
pots a day^ after heavy rainfall. In addition to the Bunsen burner method the ' 
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psrcentage of moisture in these samples was determined by three other Methods 
including the dr3diig in air oven at 105°C* Results which are given In Table III 
below together with organic matter and clay content of the soils, show that the 
moisture given by the Bunsen burner method did not vary from the air oven- 
dry moisture by more than one per cent. 

Table ni 


Showing the comparison between percentages of moisture of five different soils as 

determined by various methods 


Soil 

Percent 

organic 

matter 

Per cent 
clay 

Percentage of moisture as determined by 

Drying 
over 
Bunsen 
burner j 

Drying 

in 

steam 

oven 

Alcohol 

method 

Drying 
in air- 
oven at 
105” C. 

Argentine . 

3-4 


19*3 

18*5 

15*8 

19*0 

Chesliire 

6-9 

i5*3 

29*0 

28*3 

24*5 

29*2 

Sudan 

4*3 

49*5 

46*0 

45-3 

22*2 

35*6 (Ih.) 

46-9 

Fiji 

Fenn 

11*4 

31*3 

52*1 1 

50*3 

40‘ 1 

53*0 

37*0 

23*0 

73*8 

^ -1 

72*0 

47*3 

74*9 


It will thus appear that in soil investigations where a rapid and fairiy accurate 
determination of the moisture content of a soil of any type is wanted the Btinsen 
burner method as described here will be found suitable* The method, ho#ever, 
is not intended for use in investigations where absolute accuracy in the percentage 
of moisture is required. 

Summary 

(1) The possibility of a rapid determination of moisture Content of soils 
by quickly drying the soil over a Bunsen burner was tried and the method as 
described in this note was found suitable for all types of soil, 

(2) The alcohol method for the rapid determination of soil moisture as sug- 
gested by Bouyoucos and also by Nitzch was not found suitable for heavy soils. 
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S^UBIES ON 1?HE ORGANIC NITROGEN OF PABtoY SOILS 

PART I. DISTRIBUTION OF “HUMIO” AND “NON-HUMIC” NITRO- 
GEN IN ORGANIC MATTER 

BY 

PRAN KUMAR DE, 

AJTB 

ANIL KUMAR PAIN, 

Agricultw^ Ghemistrp Section, Da;(xa University, 

(Received for publication on 14tb April 1936) 

The practice of maintaining swamp condition in the paddy fields for months 
during the growth of the crop provides an excellent opportunity of studying 
the influence of widely-varying and long- continued cultural treatment on the 
organic matter of the soils. Ever since paddy was grown on them first, these 
soils have remained alternately dry and water-logged nearly for equal periods, 
and consequently in such soils, the decomposition of the added plant and animal 
residues and the further decomposition of the humic matter itself have proceeded 
under conditions different those obtaining in normal agricultural soils. It 
was thought that this difference in treatment might have brought about con- 
siderable differences in the nature of the organic matter of the soils and one of the 
objects of the present investigation is to ascertain whether the organic nitrogen 
compounds of the paddy soils are different in nature from those occurring in dry 
cultivated soils (soils not liable to long and frequent water-logging). 

Information on the nature of the organic nitrogen compounds of the paddy 
sods is further required to study the part played by them in the nutrition of 
paddy. Extensive experiments on the changes of ammonia in paddy soils carried 
out in this laboratory have shown that although soon after water-logging, the 
ammonia content of the soils increases, the level drops down shortly so that 
during the period of the active vegetative growth of the crop, soils contam little 
or no ammonia. It is believed that at this stage plants assimilate nitrogen in 
organic forms. 

The organic nitrogen of the soils can be fractionated into parts by treating 
with cold, dilute caustic soda. The scheme of fractionation and the nomenclature 
employed in this paper are same as those adopted by Hobson and Page [ 1932 ] 
in the study of the organic matter of Rothamsted soils. A part of the soil organic 
matter, when liberated from its combination with calcium and other metals, 
becomes readily soluble in cold, dilute alkali. Tbe nitrogen extracted by alkali 
can be further fractionated by acidifying the solution ; part is precipitated and 
is called humic nitrogen ; part remains in solution and is called non-humic nitrogen. 
In the humic fraction, nitrogen occtirs as protein or prot^imfike bodies, while the 
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non-hnmic nitrogen" inclndes mnch simpler and largely 'soluble compounds as ' 
peptides, amino- acids and otber protein decomposition products— all of whicli 
mlglit bave direct values as plant food. Notbing is known about tbe nature of 
tbe nitrogen in the alkaH-iiisolnble fraction. 

, A number of paddy soils from different parts of India were examined ac- 
cording to the above scheme and the results -reported in this paper. Further 
study on the chemical- nature of the non-humic nitrogen compounds of the paddy 
soils, the part played by them in the nutrition. of the crop, their comparison with 
the corresponding compounds occurring in dry cultivated soils is in progress 
and will form the subject matters of the future communications. 

Experimental : 

Thirteen unmanured paddy soils, obtained from different parts .of India andb 
collected up to a depth of either O-in. — 6-in. or Grin. — 9-m. were air-dried, passed 
through one-mm. sieve and then submitted to . alkali .extraction. The methods • 
of alkali extraction and fraetionaticn into humic and non- humic nitrogen were 
briehy as foUows : — ‘ ; 

Twenty-gram portions of air- dry soil 'were sha/ken with 50 C.c. ’ of two per ’■ 
cent hydrochloric acid in weighed bottles for two hours ; excess of acid* 'was 
removed and the soil washed several times v/ith distilled water. The bottles' 
were re weighed and the amounts of residual v/ater determined. One hundred 
c.c. of normal caustic soda and sufficient water to make the total volume of the 
liquid 200 c.c. were then added to each of the bottles which were shaken for eight 
hours in an end-over-end shaker. Total nitrogen was determined in an aliquot 
of the clear alkali extract. For the separation of the humic and non-humic 
nitrogen from different extracts, 50 c.c. portions of the extracts were acidified 
with excess of sulphuric acid and the volume made up to 250 c.c. After the 
precipitates had settled dowm, 100 c.c. of the clear liquid were taken out for the 
determination of total nitrogen. 


Preliminary experiments carried out to observe the influence of the time 
of shaking on the extraction of the organic nitrogen showed that the major part 
of the alliali-soluble nitrogen was extracted after eight hours shaking (Table I). 
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.Table' II ■ 

Nitrogen contents of the different fractions of the organic matter {mlues expressed 

as percentage of the air-dried soils) 


^ Soil 

■ N 

extracted 
«^by direct 
acid 

treatment 

Alkali- 

insoluble 

nitrogen 

Humic H 

■ Non-"’'-' 

humiic , 
N 

Ewdrjat, Bombay 

• 



0*0012 

0*0366 

0*0042 

0*0175 ' 

Sylhet, Assam (B) . ' * 

• 



0 - 00 I 8 

0*0603 

0*0059 

0*0420 

Sylhet, Assam (C) 




0*0060 

0-0894 

0*0161 

0-0465 

Kajshahi, Bengal / , . 




0-0025 

0-.0674 

0*0112 

0-0350 

Insein, Burma . . . 




0*0014 

0*0331 

0*0035 1 

0*0175 

Coimbatore, Madras . 




0*0006 

0*0476 

0*0036 

0*0245 

Raipur, C. P. (Matasi) 




0*0014 

0*0438 

0*0063 

0*0315 

Raipur, C. P. (Dorsa) 




0*0023 

0*0271 

0*0014 

0*0140 

Faridpur, Bengal 




0*0014 

0*0341 

0*0056 

0*0210 

Dacca, Bengal (E. R.) 




0*0013 

0*0705 

0*0112 

0*0420 

Dacca, Bengal (IST. H.) 




0*0018 

0*0354 1 

0*0063 

0*0385 

Rangpur, Bengal 


*. 


0*0041 

0*0461 

0*0133 

0*0385 

Bhagalpur, Bi^ar; , 


• 


0*0026 

i 

0*0697 

0*0035 

6*0175 


* Acid-soluBle iiitrogm contains, in addition to ammonia and nitrate, little organic 
nitrogen. 


The relative behaviour of the organic matter of the soils can be best brought 
out by expressing the results as percentages of the total amount of nitrogen in the 
soils. The results were expressed in this way in Table III. 

Table HI 

^ Nitrogen contents of different fractiom of the organic muftsr ' 

{N as per cent of the total soil nitrogen) 


Soil 

N ' 

extracted 
by direct 
acid 

treatment 

Alkali- 

insoluble 

N 

Humic N 

Non- 

humic 

N 

Karjat, Bombay 



2 

62 

7 

29 

Sylhet, Assam (B) 



2 

55 

5 

38 

Sylhet, -Assam (.0) ... 



A. 

-57 - 

. 10 

29 - 

RajshaM, Bengal 



2 

54 

11 

33 

Insein, Burma . 



3 

59 

6 

32 

Coimbatore, Madras . 



1 

60 

' 8 ^ 

31 

Raipur, C. P. (Matasi) 



2 

52 

8 , 

38 

Raipur, C. P. (Dorsa) 



5 

61 

3 

31 

Faridpur, Bengal 



2 

55 

9 

34 

Dacca, Bengal (B. R.) 



1 

66 

9 

34 

Dacca, Bengal (N. H.) 



2 

43 

8 

47 

Rangpur, Bengal 

« • 


4 

45 

13 

38 

Bhagalpur, Bihar • 


• 

3 

74 

4 

23 
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The major portion of the organic nitrogen of the soils examined is insoluble 
in cold, dilute alkali, and of the portions soluble in alkali, eighty per cent is non- 
humic nitrogen. The amount of nitrogen extracted by direct acid treatment 
is very small, representing only three per cent of the total soil nitrogen. The very 
low value for humic nitrogen indicates that these soils are very poor in humus, 
obviously due to rapid oxidation of organic matter in soils under Indian climate. 


The general distribution of nitrogen in the organic matter of paddy soils is ap. 
proximately as follows : — 

N extracted by direct acid treatment . . . . 3 per cent 

Alkali-insoluble nitrogen . . . . . • . 

Mon-humic nitrogen . .... . . 33 „ 

Humic nitrogen . . . . . . . 8 „ 


An examination of the figures for the alkali-insoluble and the non-humic 
nitrogen, in Table III, will bring out a very remarkable fact. Barring the last 
three soils which showed some discrepancy, the proportions of the alkali-insoluble 
and the non-humic nitrogen in rest of the sods are nearly equal, inspite of the 
fact that these soils were obtained from localities, widely apart and under different 
climatic conditions. It is thus apparent that the organic matter of the paddy 
soils has acquired some uniform properties, presumably as a result of the similar 
treatments applied to these soils. 


Extraction of nitrogen by baryta and sodium carbonate 
Twenty-gram portions of soil after preliminary acid treatment, were extract- 
ed with N/2 barium hydroxide and N/5 sodium carbonate for eight hours, the 
procedure being identical with that described before. The results show that 
much less nitrogen is extracted by these solvents than by caustic soda. 

Table IV 

Extraction of nitrogen hy baryta and sodium carbonate 
(Results are expressed as percentage of total soU-nitrogen) 


Solve 

Assam soil 

Rajshahi soil 

Dacca soil 

i 

N 

extract- 
[ ed 

Humic 

N 

Non- i 
humic 

N 

N 

extract- 

ed 

Humic • 
N 

Non- 

humic 

' , N 

N 

extract- 

ed 

Humic 

N, 

Non- 
humic 
. N 

JV/2 NaOH 

, 


39 

10 

29 

44 

11 

33 

‘ 43 

•9 

84 

N/2Ba(OH). . 



10 

1 

9 

6 

0 

6 

15 

1 

14 

JV/5 NaaCOa 

• 

• 

14 

7 

7 

6 

3 

8 

23 

9 

14 


Rate of extraction of bdumio and non-humic nitrogen from soil 

The manner how non-humic nitrogen compounds exist in soils is a matter 
qf much importance, Hobson and Page [ 1932 ] suggested that these compounds 
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remain incorporated in the humic-clay gel so that for the most part they go 
into solution only in solvents which dissolve the humic matter, and in proportion 
to the amount so dissolved”. In order to test this hypothesis further, and also 
to have some information about the manner of association between the non- 
humic and humic compounds of the paddy soils, two soils were extracted with 
alkali for var 3 nng lengths of time and the distribution of non-humic and humic 
nitrogen in different extracts studied. The results are as follows 

Table V 


Rate of extraction of humic and non-humic nitrogen from soil 
{N as .per cent of total nitrogen of soil) 


Time of extraction 

Nitrogen in . 
extract 

Non-humic N 

Humic N 


hour 




28 

22 

6 


3 „ 




33 

25 

8 

Soil 1 ^ 

'5 „ 



. 

37 

27 

10 


8 „ 




41 

29 

12 





• 

43 

31 

12 

1 





33 

26 

7 


3 „ 




34 

26 

8 

Soil 2 \ 

6 „ 




37 

26 

11 


8 „ 




45 

33 

12 

1 

116 „ 




46 i 

1 

33 

13 


The results obtained with soil 1 are compatible with the suggestion of Hobson 
and Page. But in soil 2, the non-humic nitrogen was extracted in two instalments 
— ^nitrogen in the first instalment which came after one hour’s shaking was pro- 
bably linked with the humic matter, since they came into solution together. But 
the second instalment which was extracted after eight hours’ shaking must have 
been associated in a different way ; for it was obtained when humic matter practi- 
cally ceased to dissolve. 

SUMMAEY 

Thirteen unmanured paddy soils from different parts of India were examined 
with regard to the solubility of the organic nitrogen in cold, dilute alkali and 
the distribution of humic and non-humic nitrogen in the alkali extracts. 

It has been found that the average distribution of nitrogen in the organic 
matter of these soils is as follows : Nitrogen extracted by direct acid treatment— 
three per cent, alkali-insoluble nitrogen — ^fifty-six per cent, non-humic nitrogen — 
thirty-three per cent, humic nitrogen — eight per cent. 

Caustic soda extracted much greater amount of nitrogen from the soils than 
bar 3 rta or sodium carbonate. 
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• xr obtained that the non-humic nitrogen compounds mav occur 

in the soil m some manner other than being incorporated in the humic-clay gel. 

The authors’ thanks are due to Professor J. G. Ghosh for his interest in the 
pro^^s of the work. _ Tha^ are also due to the Imperial Council of Asrieul 
tural Eesearch for mamtammg the salary of one of them (P. K. De). "^Sneul- 
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I. Introduction 

The inheritance of characters in gram has been under study at the 
Botanical Sub-Station, Kama], since tie year 1931. The results of these investi- 
gations, dealing exclusively with the floral characters, have recently been pub- 
lished [Abdur Rahman Khan and Alditar, A. R., 1934]. During the course of this 
work It became evident that the segregation of petal colour, reported in the pre- 
vious pubflcation, should be continued with the study of the inheritance of seed- 


(i) Seed-colour.— Tim m an important character in gram as it determine. 
Its pnce to a certain extent. Erom the market point of view, uniform yeUowisl 
brown colour fetches a higher price than dark and reddish brown. Some colour 
such as yellowish brown, reddish brpivn and dark reddish brown exhibit a eertaii 
amount of vanation even among, the seeds of a single plant. This variabiliti 
IS largely due to poor development and defective setting of seeds. Seed-coloui 

■ ( 1087 ) 
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again, is somewhat altered with age. Yellow or reddish colours become darker 
even after a few months ; brightness of colour fades and seeds appear dull. The 
following points have, therefore, to be borne in mind while recording observa- 
tions on seed-colours : — 

(1) Observations should be taken when seeds are quite fresh. 

(2) Colour should be judged in mass. Tne colour of individual seeds always 

shows slight differences. Seeds can best be seen when placed in a 
Petri dish which facilitates noting of general colour. 

(3) Slirivelled and poorly developed seeds should be left out and observa- 

tions be confined to sound seeds only. In many cases improperly 
developed seeds look greenish and the real colour is not seen at all. 

(2) Tliis character, too, is somewhat variable. Bound shape 
shows a good deal of variation in certain types. Seeds of type 11, for instance, 
which are perfectly round always have a few slightly irregular seeds. The varia- 
tion is exclusively confined to seeds which are less healthy and shrivelled. The 
larger the number of poorly developed seeds, the greater is the proportion of slightly 
irregular seeds. Irregular shape is, however, much less affected by improper 
development. As in colour, observations should be taken only on healthy and 
well-developed seeds. 

(3) 8eed-mrface,---Jn gram, seed-surface may be puckered, smooth, gra- 
nulated or rough. These surfaces are clearly marked from one another but the 
intermediate grades such as slightly granulated, slightly puckered, etc., are some- 
times difficult to distinguish but can be differentiated from smooth. The smooth 
and granulated surfaces are best distinguished under a lens. The granulated 
surface will show many small granulations as pustules on the seed-coat. The 
rough seed-coat is somewhat like sand-paper to the touch, 

{4) Black dots . — When seeds of certain types are examined imder a lens, 
it is seen that there are minute black dots on the seed-coat. In such cases, a 
number of seeds have to be examined very closely to detect the presence of these 
dots. 

The above-mentioned characters have been studied in the following crosses 
and the results obtained are described in this paper:— 

(1) T. l2xT. 11. 

(2) T, 52xT. 11. 

(3) T.21xT,lL 
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IT. Bescbiption of the parents. 


(From Shaw, E. J. E. and KKan, A. R,, 1931) and 


Parents and 

Flower 

colour 

Seed-colour 

Seed- 

shape 

Seed-surface 

Presence 

or 

absence 
of black 
dots 

Type 11 . , 

White 

Bluish brown . 

R 0 u n 

Smooth 

Absent 

12 « • 

i> 

Reddish brown 

Irregular 

99 • 

Absent’*' 

» 21 . 

Pmk . 

IDark reddish 
brown. 


Smooth (slight- 
ly® granxilated). 

Present 

,, 52 • • 

• ; 

Yellowish brown 

99 

99 

99 

12 x11 (El) . 

, 

White 

Yellowish to 

reddish brown. ' 

99 

Smooth 

Absent 

52xll(Ei) 

Pink . 

Yellowish brown 

99 

As in T. 52 

Present 

21 x11 (El) 


Dark reddish 
brown lighter 
than T. 21. 

j 

99 

As in T. 21 

99 


The seed-characters of the parents and E^ are illustrated in Plates LX and 

LXL 


* A very few faint dots are sometimes present on seeds of T. 12 but as 
they are hardly visible to the naked eye they have been treated as absent. 


III. Results of the E 2 generations 
CrossNo.l (T.lBxT.ll) 

The following segregation was observed in the E 2 : — 



Frequencies 



Phenotypes 



Devia- 

Probable 

Observed 

Expected 

tion 

error 



on 3 : 1 




■ 

ratio 



Seed, yellowish to reddish brown, irre- 

22 

22*5 

0;5 

I 

gular as in T. 12. 

Seed, bluish brown, round as in T. 11 . 

8 

7'5 

0-5 

V 1-59 

Total 

30 





The fit is good. 

Considering the segregation, character by character, it is evident that red- 
dish brown colour and irregular shape are dominant over bluish brown colour 
and round shape respectively and each case shows a unit factor difterence. 
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Associaiion of characters. —It has been observed in this cross that the red- 
dish brown ooionr and irregular shape, and similarly bluish brown colour and 
round shape, go together. This shows that these characters are probably linked 
together and the Eg results, as will be seen later lend support to this assumption. 

Gross No. 2 {T. 52 y. T. 11) 


Segregations in the Eg = - 



Frequencies. 


V ■ 

.Phenotypes 

Observed 

Expected 
on 3 : 1 
. ratio . 

Devia- 

tion 

.Probable 

error 

Seed, yellowish brown, irregular, slightly 
granulated as in T. 52. 

39 1 

J 

1. ■ 

41*25 

2*25 

y 2*16 

Seed, bluish brown,, round and smooth 
as in T. 11. 

Total 

1<> 

.13*75. 

2*25 

J .. - : 

. 55. 1 





The fit is good. 


Presence of black dots, on seed-coat in 


Phenotypes 

1 ' Frequencies 

Devia- 

tion 

Probable 

error 

Observed 

i 

- 1 

Expected 
on 15 : 1 
ratio 

Black dots present , • • - . 

„ „ absent 

" Total 

51 

4 

61-56 

3-44 

j- 0-56 

1-24 

55 

! 

1 




The fit is good. 

It is evident from the above results that yellowish brown colour, irregular 
shape, slightly granulated surface and presence of black dots are dominant over 
bluish brown colour, round shape, smooth surface and absence of black dots 
respectively. Each one of these characters, excepting the presence of black 
dpts which seems to be determined by two factors, shoyrs a single factor difference. 
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Ie the ¥29 the following results were obtained with respect to flower-coloiir, 
and seed- colour :— 


Flower-colour , ■ . 

1 Pink . 

Blue . 

White 


1 


r- ^ 

. 

Seed-colour 

Yellowish 

Bluish brown 

Yellowish 

Bluish brown 


brown. 


brown. 


Seed-shape . ■ 

Irregular 

Bound 

Irregular 

Bound 

Seed-surface , . 

Slightly 

Smooth 

Slightly 

Smooth 


granulated. 


granulated. 


Black dots 

Present pro- | 

Present faint- 

Present faint- 

Absent ' 


minently. 

ly- 

ly. 


Observed frequencies 

31 

12 

8 

4"'- 

Expected on § ; 3 : S ;1 

30-94 . 

10-31 . 

10-31 . 

3-44 

ratio. 


1 




x^=a0‘8857, whenK^ — l, f*==0*8D1253. The fit is excellent. 

This table also explains the segregation of black dots on the basis of 15 : 1 
ratio as mentioned before. The black dots are many and prominent when the 
flower is pink. They are few and faint when the flower is blue and seed bluish 
brown in colour or when flower is white and seeds are yellowish brown. 
This appears to be due to. the cumulative effect of two factors— each one 
producing faint dots. These faint dots are practically absent when seeds have 
a reddish or greenish tinge and in such cases only a dot or two is revealed by a 
dose examination under a lens. When, however, seeds are badly developed 
and shrivelled the dots are not seen at all. This may be due to imperfect deve^ 
lopment of the seeds. 

Cross No. Ill {T. 21xT, 11) 


In the Fg generation the following segregation was observed :• — 
(J) Seed” colour 


Phenotypes 

Frequencies 

(O^) 

(0—0* 

0 

Observed 

Expected 
, on 9 : 3 ; 4 
ratio 

Dark reddish brown . . . 

33 

29-81 

3*19 

0-34 

Yellowish brown 

10 

9-94 

0*08 

0-0005 

Bluish brown 

10 

13-25 

3-25 

0:79 

Total 

53 



n 




P=.0-573 
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(f) Seei-shape unM -^surface 



Frequencies 



Phenotypes 

Observed 

Expected 
on 3 : 1 

Dev. 

P. E. 



ratio 



Irregular and slightly granulated 

43 

39-75 

1 3-25 

2*12 

Bound and smooth , . . . 

10 

13*25 

J 


Total . 1 

1 

53 


.. 



The fit is good, 
(3) Black dots 


Phenotypes 

Frequencies j 

i 

Dev. 

\ P.E.. 

Observed 

Expected 
on 15 : 1 
ratio 

Black dots present . 

Black dots absent . • • • 

Total 

50 

3 

49*69 "1 

3*31 J 

0*69 

1*15 

53 


* ^ 



The fit is good. 

Association of seed-characters 
The following table illustrates this 


Seed-colour | 

1 

Shape 

Surface 

Black dots 

Obs. 

Dark reddish brown . • j 

Irregular . 

Slightly gra- 
nulated. 

Present 


yellowifiii brown . 

Do. . 

Do, 

Do. 

■ 10 

Bluish brown 

Bound 

Smooth 

Present . 



! 


Absent • 

■■3:. '"-j: 
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Seed-charaeters in relation to fiovier-cohuTS 


As «»n in m,s» No. n .«d colonr. oto., .how a detoite relation with Sower 
colour as is evident from the following table : 

Tabu showing the relation of flower -cohur with the seed-chara^iers 


o o 

Seed- 

colour 

Seed- 

shape 

seed- 

surface 

Black 

dots 

Obs. 

Fink . 

• 

Bark reddish 
brown. 

Irregular 

SHghtly 

gi»nulated. 

Present prot 

minently* 

, ,. 20' 

* 


Yellowish brown 

99 • 

99 • 

S9 • 

7 

White 

• 

Dark reddish 
brown. ' 

■ ‘ ! 

99 • 

' 

Present 

faintly. 

13 

»» * 

• 1 

Yellowish Brown 

99 • 

99 

99 * 

3 

If • 


Bluish brown * 

Bound . 

Smooth • 

Absent • 

3 

Blue 

• 

» • 

99 ’• 

99 • 

Present 

faintly. 

V,,,., 7, 



1 



Total . 

53 


The inheritance of black dots on seed appears to be the same as observed 


in cross II. 


IV. Theoby and discussions of the bbsults with befeeenob to the 
A=a factor for bluish brown seed-colour, round shape, smooth surface. It has 

no action on flower-colour. 

E-a taetor that ntodiSe. the aetion o£ A tnrntog bWd. brown colonr to rcddid. 

brown End. round to irregulEr seed. 

B-a factor which operates in the sssne way A but in addition prodnees hhe 

flower and faint black dots on seeds. 

P=.a factor that modifies the action of B turning blue flower to pi^. It reacts 
with A as well as with B, converting bluish brown seeds to yeno^l^ 
round to irregular and smooth to slightly granulated. It pr^uces fa^ 
Sld^te of seed when pnwent alone, but react, with B to mtena^r 
black dots on the seed-coat. 

D=a factor that modifies the action of P turning yellowish brown seed-colour 
to dark reddish brown. .g 
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Oil the assumption of the above theory, the constitutions of the parental 

types are as giTon below :~ 

T. ll = AArrl>bppaa 
. T. 12=^AAREbbppad 
T. 62-AArrBBPPad 
T. 21=AArrBBPPDD 

By supposing that the flower-colour, factor P produces yellowish^ brown 
seed- colour independently it is not necessary to have factor A in the constitution of 
the types. But the factor P has been found to be present in T. 1, T. 2 and T. 9 [Khan 
and Akhtar, 1934] and the seed-colour of these types is white with reddish tinge and 
not yellowish brown. Factor P has, therefore, been supposed to modify bluish brown 
colour that is produced by factor A- 

Cross I (T. 12 xT, 11) 

In this cross the factor R segregates and on recombination gives a mono- 
hybrid ratio as realised in the P2 goreration. 

The results of the Fg generation, as will be seen below, have confirmed the 
above theory. Sixteen cultures were growm in the Fg generation and these be- 
haved m follows — 


Kuraher and nature 
of Fg parent 

1 

Behaviour in Fg 
generation | 

Constitution 
of Fa 
genotype 

Frequencies 

Observed 

* Expected 

r 

Pure . . * 

AAHtR • 

5 

3-66 

11 Reddish brown irregular J 

Segregating like 

AAEr 

6 

7-34 

6 Bluish brown round . 

^ a* 1 

Pure . 

AAfr . 

5 

5*00 

1 


The six splitting cultures showed the following segregation : — 


Fg cultures number 

Reddish 

brown 

irregular 

Bluish 

brown 

round 

Total 

1-41 , /' ■ ' 



28 

10 

38 

1— — 42 • * • 



28 

6 

33 

3—44 . 



27 

10 

■37 ■ 

3— *48 '■ • ’ • 



28 i 

12 1 

1, ■ .■ 4.0 

4—41 . 



28 


! , . 37 

3 — 47 . • * 



28 1 

•• 10 ' " 

38 

Total observed 



167 

1 ... ' 66 

223 

Expected on 3 ; 1 ratio 



167*25 

55*75 

■ ' 

Deviation 



j- . ■ 0-25 

0-25 

1: . . 

i'.'. ■ ■ ■' ■ 



of variation from tbe parental seed*eolour. The seed-colour was found to var] 
from deep reddish brown to light reddish brown. On breeding a few Fg planti 
from each of the extreme classes, the F4 progenies showed uniformity as regards 
seed- colour, thereby indicating that the apparent variations in F3 were but flue 
tuations due to environments . 

Gross 11 (T. 52 x T. 11) 

The constitutions of the parents and F^ : — 

Parent type 62= ' AABBPPrr 
„ 11= AAbhpprr 

Fj == AABbPprr 

The factors B and P alone segregate and give the following results in F. 
generation. 


The results obtained in the Fg generation are in perfect agreement with this 
theory ( page 1091 ) and "were subsequently confirmed in F3 as shown below. 

Twenty-nine Fg plants representing the various phenotypes were grown 
in Fg generation and their behaviour with regard to seed-characters is given in 
the following table : — 



8 ABP 

3 ABp 

3 AbP 

1 Abp 

Flower-coloiir . 

Pink . 

Blue 

White 

Whit. 

Seed-colour 

. . Yellowish 

Bluish brown 

Yellowish 

Bluish brown 


brown. 


brown. 


Seed-shape 

Irregular 

Bound 

Irregular 

Bound 

Seed-surface 

. . Slightly gra- 

Smooth 

Slightly gra- 

Smooth 


nulated. 


nulated. 


Black dots 

, , Present pro- 

Present 

Present 

Absent 


minently. 

lightly. 

lightly. 



ISTo. and nature of Fg 
plants 

Behaviour in F* 

CJonstitution of 
Fj genotypes 

Frequencies 

Observed Expected 

23 

, Yellowish brown irregular, 

Pure . 

AABBPP 1 



slightly granulated. 

y 

AABhPP Y • 
AAbbPP J 

11 

7.7 

6 

Bluish brown, round 

) .3 yel. br. : 1 blu. ^r. 

Pure 

AABBPp 

AAbbPp 

AABbPp 

AABBpp 

12 

16 -3 

smooth. 


AABbpp 

AAbbPP 

6 

f-: 
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The segregation of the twelve splitting cultures is as follows 


Fg cultures number 

Seeds yellowish 
brown, irregular, 
slightly 
granulated 

Seeds bluish 
brown, round, 
smooth 

Total . 

4—34 . . 

21 

9 

30 

4^37 . ... 

15 

16 

31 

0 

1 

17 

12 

29 

3-2 . . . . . 

28 

9 

37 

3—27 ..... 

25 

6 

31 

3—24 ..... 

25 

11 

36 

4—— 15 ' • • ' , : , , 

24 

12 

36 

4—39 

14 

11 

25 

3—9 

14 

5 

19 

3—32 ..... 

25 

13 

38 

3—33 

29 

9 

38 

^14 .... . 

26 

12 

38 

Total observed 

263 

125 

388 * 

Expected 

291 

97 


Deviation 

28 

28 

• • 


Probable error 

, 5-73 


The fit is bad. 


of individual F, plants, given in the 

above table, It will be Been that this discrepancy is mainly confined to three 

F eidtums, ^37, ^39 «d 4-4G, while all the rest ^ve a fairly good 

dtfl^ n -Tf that some plants having pink flowers and evi- 

dently yeUowish brown seeds, had to be rejected as the seeds firom these were 
poorly developed and shrivelled. If these are added the deviation is reduced. 
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Total observed * ^ • 

Expected on 3 : 1 ratio . 


Flower pink 
(black dots on 
seed prominent) 


Whit© (black 
dots on seed 
faint) 


208 

21P5 


74 

70*5 


Total 


009 

(P. E. =4-90) 


The fit is good. 

Segregations in group III 


Culture No. 


Flower pink, 
seed yellowish 
brown, black 
dots prominent 


4r-— 34 . * * 

4—37 . 

4—40 . 

Total observed 
Expected on 3 : 1 ratio 
Deviation 


21 

15 

17 


53 

67-5 

15-5 


Blue, bluish . 
brown, etc., 
black dots 
faint 


9 

16 

12 


Total 


30 

31 
29 


37 

22-5 

P. E.=2‘76 


90 


The fit is not good due to discrepancy in cultures 4 — 37 and 4 — 40 owing to 
deficiency in pink flowered plants as explained before (page 1096). 

Segregation in group IV 



Flower pink 

Flower white 

Flower blue 

Culture No. 

Seed yellowish 

Yellowish 

Bluish 

Bluish 


brown, 

brown, 

brown 

brown, 


etc., dots 

etc., dots 

dots 

etc., dots 


present 

present 

absent 

present 

3-~^2 • • ■ . » 

19 

9 

2 

7 

3—27 

19 

6 

2 

4 

3—24 . . . 

19 

6 

0 

11 

4 — 15 

18 

6 

4 

8 

4r-39 . 

11 

3 

2 

9 

Total observed 

86 

30 

10 

39 


Expected on 
9 : 8 : 1 : 3 ratio. 


116 


”4^ 


92*82 

. V— 


123 ^ 


30*93 


10*31 

V 


= 165 
30*93 




41*25 (P.E. 3*37) 
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Considering dots independently we get : — 

Total observed ...... 

Expected on 15 : 1 ratio . 

Dots present 

Dots absent 

155 

' 154*59 

10 

10*31 


The fit is good. 


There is an excess in blue flowered plants and deficiency in pink. This 
may be due to the rejection of some pinlc flowered plants that had poorly develop- 
ed seeds and so could not be taken into account in the classification of seed-colour 
and also to the small population in the different cultures* 

Segregation in group VI (white flowered). 


Culture No. 




Yellowish brown, 
irregular, etc., 
black dots faint | 

Bluish brown, 
round, etc., 
black dots absent 

3—9 . . . . . 




14 

'5 ^ 

3 — 32 ..... 




25 

13 

3“””33 ..... 




29 

9 

4—14 . 

• 

• 

• 

26 

12 

Total observed 




94 

39 

Expected on 3 : 1 ratio 

, 

, . 

• 

99-75 

33*25 

Probable error 

• 

• 

• 

c 

3-27 


Similarly in group IX no black dots could be seen on the bluish brown seeds 
having white flowers. 


Cross III {T, 21 xT. 11) 

Parent T 3 rpe 21 —AABBPPDD 
Parent Type ll=AAhbppdid 

In the Pg generation factors B^ P and D segregate and give the following 
results : — 







Frequeney 

— 

— 


Flower 

Seed colour 






colour 


Observed 

Expected 

27^ABPI) . 



Pink 

Dark reddish brown . 

20 

22*41 

9 — ABPd . 




Yellowish brown 

7 

7-47 

g—AbPD . 



White . 

Dark reddish brown . 

13 

.7* 47 

9 — ABpD . 



Blue 

Bluish brown . 

\ 7 

9*96 

3 — ABpd . 



it ■ 

99 99 • • 


3 — AbPd . 



White . 1 

Yellowish brown 

3 

2-49 

3 — AbpD . 
1— Abpd . 



99 '* 

99 * 

Bluish brown . . ] 

■ »> 99 • * ! 

} = 

$-32 


Total 

• 



53 

... 
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Tie expected freqaency is based on the ratio of 27 : 9 : 9 :‘12 : 3 : 4v 
From the above table we get the following segregation in Fg : — 

1. Seed-mlmT 


Frequencies 


Phenot3q)e3 


Seed-colour 


27— JlBFH . . . 

0— AbFD . 

9-— ABFd * ♦ 

3— AbFi . 


Dark reddish brown 

99 99 99 

Yellowish brown 

99 99 


} 

} 


ObsenJ'ed 


Expected on 
36 : 12 : 16 
ratio 


33 


29- 81 


10 


9*94 


9 — ^ABi0 • 
3— A]^ . 
3— AbpB • 
l—Abpd . 


Blaish brown 

99 rt9 

99 .99 

99 99 


.A 

■ 

: J 


13-25 


The fit is good as mentioned before (page 1091). 

2. Seed-shape, surface, and presence of black dots being linked with seed- 
colour will all behave similarly as shown below : — 


Fhenotypes 

Seed-colour 

Shape, surface black 
dots 

Frequencies 

Obs. 

Expected on 
48:16 
ratio 

27— ABFD . 

9— AbFD. 

9— ABFd . 

3— AbFd. 

Dark reddish 

brown. 

Y ell o wish 
brown. 

Irregular, slightly ') 

granulated. 

Having black dots . Jj 

43 

1 ■ i 

39* 76 

9**"ABpkD • ■ • • 

3— ABpd 

3— AbpB • • • 

l“^Ahpd • • * 

^Bluish brown 

Bound, smooth 

having black dots. 

Bound, smooth 

^ black dots absent. 

Total 

I 

13*25 

, 
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results 


ilol 


Twenty-eight cultures were grown in F,. Their behaviour with regard 


Number and nature of 
Fa parents 

Behaviour in F 3 

Constitution 

Frequencies 

of Fa 

genotype ^ 

Observed 

Expected 

la 

Pure dark brown irregular. 

AAB^DPP 

AABbDDPP 

3 

1*77 

Beed dark brown, irre* 
gular, etc. 

etc. 

AAbbDDPP 

6 


3 dark brown, to 1 yellow 
brown (irregular, etc,). 

AABBDdPP 

AABbD^ 

AAbbDdPP 

3 *51 


3 dark brown, irregular, etc. 

1 bluish brown, round, etc. 

AABBDDPp 

AABbDDPp 

AAbbDDPp 


zrm 


9 dark brown, irregular, etc. 
3 yellowish brown, irregular, 

AABBDdPp 

AABbDdPp 

AAbbDdPP 

4 

7- 11 


4 bluish brown, round, etc. 




. , - 5 

Seed yellowish brown, 

Pure yellow brown, irre- 
gular, etc. 

AABBddPP 

AABbddPP 

AAbbdaPP 

1 

. l*oo 

irregtdar, etc. 



3*33 


3 yellow brown, irregular, 
etc. ' 

1 bluish brown, round, etc. 

AABBddPp 

AABbddPP 

AAbbddPp 

4 


7 

Pure 

AABBDDPP 

7 

7 

Seed bluish brown. 

bluish, brown, round, etc. 

AABbDDpp 

AABBDdpp 



round, etc. 


AABbDdpp 

AABBddPP 

AABbddPP 

AAbbDDpp 

AAbbDdpp 





AAbbddPP 




The details of F 3 behaviour tabulated above are given ^ 

cultures from dark reddish brown, irregular, slightly granulated 
Sixteen cultures ir Out of these three bred true and six segre- 

with black Hot* aecd. » Mow. 


I 

Dark reddish 
brown 

Yellowish 

brown 

l,_. 

Total 


162 

52 

204 

Observed . • • • 

Expected 3:1 • 

153 

51 

« ♦ 
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T&fee ealtuj?es segregated into dark reddish brown to bluish brown seeds 


^ follows : — 



Dark reddish 

Bluisil 

Total 

— ^ , 

brown 

brown 


Total observed . • * 

62 

20 

18 

: 

72 

JEiXpecfced 3 : 1 .. *. . 

54 



me remaining four cultures segregated like and gave the following re- 


suitij :• 



Dark red- 

Yellowish 

Bluish 



dish brown 

brown 

brown 

Total 

Total observed 

. 76, , 

21 

33 

129 

Expected 36 : 12 : 16 (9 • 3 : 4) 

72*56 

$!4*19 

32*25 

• • 


Out of the five cultures having yellowish bpown, irregular, slightly gra- 
nulated seeds with black dots, one culture bred true. The remaining four segre- 
gated as follows : — 


— 

Yellowish brown 

Bluish brown 

Total 

Total observed 

84 

28 

112 

Expected on 3 : 1 • - * 

84 

28 



All the seven cultures having bluish brown, round, smooth and very small 
seeds (one without black dots and six having black dots), bred true as per expecta- 
tioB. 


Jpg behaviour of flower and seed colours 


OS’ SiS^D - CH abac TER S IlbT gbaM 


H03 



0 

1 

§ 

cr 

0 

& 

Expected 

^ OO «D CO «D CO CO 

Tji 00 S> CO l> I> lO l> 

OOO'^O'^'^ COf—* 

0*44 

0*88 

0*88 

' Tt- 00 00 CO 

00 00 t- 

o o o 

0.44 

0.88 

CD 

l> 

CO OS 

i> . Til ' 

rH O 

Observed 

o G<11 CO O CSJ f*"* N («-< 

i-i CM t-H 

c 1 oi 

1 

O, <-i 

i-H 

r-1 CO 

Constitu- 

tion 

ofFj 

genotypes 

AABBDDPP. 
AABbDDPP . 
AABBDdPP . 
AABbDdPP . 
AABBDDPP 
AABbDDPp . 
AABbDdPp . 

AABBDdPP . 
AAbbDdPp . 

fib P* 
fbSJPf 
pSq 

QSS 

S;gS 

SSmS 

mpQwm 

'■ A4"A ■ . 

TSno 

<-35 

<< 

III 

P 

.0^,0 1 

•2 *2 5 
<<< 

<<< 

iPIfi 

liissi 

<<<<<< 

<<<<<< 


~ 

- . _ . 1 


.... 

. . 


• 


ft 



iff'' 

‘i ? 


i ; 

1'^'’ 


H 
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The hehaTiour of biack dots in the Pg generation of this cross was similar 
to that described in Cross 11 (T, 52xT» 11) and so has not been repeated. 

jj^oTS : — Large populations of all the crosses were grown in the generation and Fg 
cultures but unfortunately the gram plants were damaged much by Ehizoctonia 
at Kama! and so extensive observations could not be recorded. 

The seed-size was studied by eye judgment in all the crosses. The seeds of 
T, 11 may be called as very small and those of other types as comparatively larger^ 
Very small size went together with bluish brown seeds as in T. 11 and larger seeds 
went with the seed^colour of other types. The results regarding seed-size have 
not been presented because the populations of the crosses were not big enough 
to ascertain definitely whether the seed-size which is expected to be a quanti- 
tative character is really behaving as mentioned above. 

The authors desire to acknowledge the help rendered by Mr. Habibur Rahman 
Khan, Fieldman, during the course of these investigations. 

V. SXTMMAEY 

The inheritance of colour, shape and surface of seed, has been studied in the 
three crosses between Pusa gram types 11, 12, 52 and 21. The results of segrega- 
tions have been given and discussed. The following facts have been noted 

(1) The bluish brown seed-colour as in type 11 is dependent on a single 

factor A or B. 

(2) The reddish brown seed- colour of type 12 is produced by the interaction 

of factors A and R. 

(3) The factor P modifies the action of A or B turning bluish browm seed- 

colour to yellowish brown as in type 52. 

(4) The dark reddish brown colour of seed as in type 21 is determined 

by the interaction of the factors A, P and D or B, P and D. 

(5) In all the three crosses, the bluish brown seed- colour of the common 

parent, type 11, behaves as a recessive to reddish brown, yellowish 

brown and dark reddish brown seed-colours of types 12, 52 and 21 

respectively. 

It is shown that the colour, shape and surface of seed are all associated. 

Group I.— The yellowish brown and dark reddish brown colours are linked 
with irregular shape and slightly granulated surface. 

Group II.— The bluish brown colour is linked with round shape and smooth 
surface. 

Besides the above associations it is clear that the flower-colour is also linked 
with these seed- characters* — pink flower is associated with group I with prominent 
black dots, and blue flower with group II having faint black dots. 
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S. spontaneum (Dehra Dun) X Sorghum JDurra. 



A PRELIMINARY NOTE ON A NEW 
SAOCHARUM X SORGHUM HYBRID 

BY 

B, K. JANAEI AMMAL, 

Geneticist^ 

AND 

T. S. N. SINGH, 

Botany Assistaid^ Imperial Sugarcane Station^ Coimbatore 
(Received for publication on 17tb June 1936) 

(With plates LXII and LXIII) 

In sugarcane- breeding it has been the custom to use as female parents canes 
that are pollen-sterile. Such plants are also generally complex hybrids. Thus 
in the successful intergeneric hybrids evolved at Coimbatore [Venkatraman and 
Thomas, 1930] the female parent used, P. 0. J. 2725, was a noble cane from Java 
with a complex heredity. It has further about 106 chromosomes. 

With a view to understanding the genetic relationship between the genus 
Saccharum and Sorghum, a number of crosses were made in 1934-1935 in which the 
female parents were simpler forms of Saccharum. Amongst such parents 
employed was the wUd species, Saccharum spontaneum L. which is being increas- 
ingly used in Coimbatore for the breeding of disease and drought-resisting sugar- 
canes. A number of chromosomal forms are found in this species [Janaki Ammal, 
1936] and the hybrid reported is a cross between a form from Dehra Dun (2n=56) 
and Sorghum durra (Periamanjal of Coimbatore), the same parent used in the 
intergeneric cross P, 0. J. 2125 x Sorghum. In Sorghum durra the chromosome 
number 2??-=20. 

As the 8. spontaneum used was nearly 100 per cent poUen-fertile, poHination 
with Sorghum was effected after emasculation of spikelets. The arrows were 
bagged after dusting with Sorghum pollen. Thirteen seedlings were produced, 
aU of which are now in field. In appearance they resemble 8 . spontaneum more 
than Sorghum (Plate LXII). The plants arrowed five months after germina- 
tion, i.e. four months before the usual time of fiowering in Saccharum. This early 
flowering habit is apparently inherited from Sorghum. It was however found 
to be completely pollen- sterile. 
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Plate T.yTTT shows the nature of the spikelet of the parents and hybrid. 

S. spontamum differs from 8. officinarum in having a ru(hmentary IV glume. 
This IV glume, which is also present in Sorghum, is awned in this genus. The 
presence of this awned IV glume in the hybrid as well as the callus hairs inherited 
from Sacchurum makes the validity of this new intergeneric cross unquestionable. 
The number of chromosomes in root tip of the hybrid is thirty-eight which is the 
sum of the haploid numbers of the Dehra Dun 8. spontaneum and Sorghum. A 
more detailed study of its cytology will appear elsewhere. 
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Fia, 3, Spikelets of S. spontaneum (Debra Dnn). 


I Fig. 1. Spikelets of tbe intergeneric hybrid 8. spontaneum 
I (Debra Dun) X Sorghum Burra. 


Fig. 2. Spikelets of Sorghum Burra. 


PLATE LXIII 


f Ind, J. Agric. Sci., Vol. 6, Part V ] 
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STATISTICAL NOTES FOE AGRICULTURAL WORKERS 


NO. 19.— THE FREQUENCY DISTRIBUTION OF PLOT YIELDS AND 
THE OPTIMUM SIZE OF PLOTS IN A UNIFORMITY TRIAL 
WITH RICE IN ASSAM 

■ BY ■ _ ’ 

S. S. BOSE, 

Statistical Laboratory, Calcutta 
AND 

P. M. GANGmi, 

Karimganj Farm, Assam* 

In conjunction with 

(Received for publication on 7tll April 1936) 

(With three text-figures.) 

Intbodttction 

The tests of significance used in the analysis of the results of agricultural 
field trials are based on the assumption that yields from individual plots conform 
to the normal distribution or at least do not deviate so far from normality as to 
render such tests invalid. Very little is known at present regarding the real 
nature of the frequency distribution of plot yields of agricultural crops in India, 
It is desirable therefore to study this question for all important crops under diflfer- 
ent conditions of cultivation in the different provinces of India. This is the 
first point considered in the present note. 

The effect of the size and shape of plots on the magnitude of the experimental 
error in field trials also requires careful study. It is possible that there is no 
single optimum for all purposes. In fact, previous work has shown the wide 
range of variation under different conditions. 

The potato experiment at Ormskirk [1932 ] showed 195 ft. x 8 ft. (=1/28 
acre approximately) to be the best plot size, with an experimental error of 4*9 
per cent. Another potato experiment (1932) at Saskatchewan showed this 
optimum size to be 132 ft. X 15 ft. 9 in.(=l/21 acre) with an experimental error 
of 5T per cent. In both these experiments, the smallest plot size was found to 
be the most efficient. Workers on Sorghum in Texas obtained 1/40 to 1/80 acre 
to be the most suitable. With regard to sugarcane tests the work done at Pusa 
[ Vaidyanathan, 1933 ] indicated the optimum size to be between 1/20 and 1/30 
acre— "the ratio of length to breadth being 6 •7 to 10 T. Several rice tests have 
been reported in different parts of India and Ceylon. Lord [1931] working 
with broadcast rice in Anuradhapura (Ceylon) obtained 1/87 acre to be the most 
convenient size for practical purposes. Mitra and Ganguli [ 1934 ] working 
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.in Assam foimd 60 ft.x 10 ft. (=1/72 *6 acre) to be the best for Aman, and 60 ft. 
Xl6 ft. (=1/48 *4 acre) for Aus. . In China a’ recent article by Chien Liang Pan 
[1935] indicates the optmxnni size to be 14*2 ft.x 3*0 ft. (=1/1025 acre) at 
Hangchow Central Station, and 14*2 ft. x 1 *5 ft. (=1/2050 acre) at Wnfa. 

It is thus clear that the optimum size and shape of plots depends to a very 
great extent on the crop, the nature of the soil, and the conditions of cultivation. 
It is, therefore, necessary and desirable to conduct detailed and careful analysis 
of the results of uniformity trials until sufficient experience has been gathered in 
this matter. This is the second question studied in this paper. 

Mateeial and method 

The material for the present study was obtained from an experiment conducted 
in Karimganj Farm in Assam in 1933. Two 1/10 acre plots measuring 66 ft. x 
66 ft. were grown with As. 2 Kasalath, a transplanted paddy of Aus type. Single 
seedlings were planted six inches apart. Each field was harvested in the form 
of a Latin Square with twelve rows and twelve columns with individual plots 
measuring 5 ft.x 5 ft. and contaming 100 plants each. Five rows were left 
out from all sides round the experimental area to eliminate border effects if any ; 
but it was not necessary to eliminate any row round the small plots (5 ft. x 5 ft.) as 
the whole field was uniformly cropped without any special ails or spacing any- 
where. There were 2 X 144 or 288 plots in all, and these were harvested, 
threshed, dried and weighed (in tolas *) separately. 

Feequency disteibution of yield data 
The data for the two fields were studied separately as well as in combination. 
The frequency distributions of two sets of 144 observations as well as their com- 
bination are shown in Tables I — ^III. 

Table I 


Observed and expected frequency distributions of plot-yields office {I'ield 1) 


Range 

Observed (f^ 

Expected (f ) 

(f— fOVf . 

Below 39’6 

1-5 

1-74 

0-0331 

41*0 

6 

3-28 

2*2556 

42*6 

5*5 

7-24 

0*4182 

44*0 

12 


0*0973 

45*5 

19 


0*0235 

47-0 

24 

24-34 

0*0047 

48-5 

23 

24-85 

0*1377 

50*0 • . 

27-5 


2*1210 

51*5 

12 

14-49 

0*4279 

53*0 

8 

8-28 

0*0095 

54*5 

1-5 

3-92 

1*4940 

54*5 and beyond 

4 

2-20 

1*4727 

Total 

144-0 

144*00 

?t*=8-4952 


* 1 grammes ==0*4114 05 ^, 
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Table II 

Observed and expected frequency distributions of plot-yields office (Field II) 


Observed (f') Expected (f) 


{l—iyjl 


Below S8*0 


1 1 

1*051 


39-5 

• 

0 U*5 

0*56 y 3*24 

0-0209 

41-0 

h 

2*5j 

1*63 J 


42-5 


5 

3*95 

0-2791 

44*0 


6 

8^04 

0*5176 

45*5 


13 

13*68 

0*0338 

47-0 


18 

19*61 

0*1322 

48*5 


25 

23*46 

0*1011 

50*0 

• 

19*5 

23*67 

0*7346 

51*5 

<* 

22 

19*92 

0*2172 

53*0 

• 

20 

1 14*14 

2*4285 

64*5 


6 

i 8*37 

0*6711 

56*0 


5 

1 4*18 

0*1609 

56*0 and beyond 

! 

1 

1 . 

0*3147 

Total 


' 144-0 

144*00 

x®=6-6H7 
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Table III 

Observed and ex>pected frequency distributions of plot-yield of rice (Fields I and II 

combined) 
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Tie frequency constants are shown in Table IV. 

Tabub IV 


Freguency constants for plot-yields of rice with Standard Errors 



Field I 

Field n 

Total area 

Size of sample • ■ . 

144 

144 

288 

Mean . ' . 

I 47‘1610±0-2827 

48-5521db0-2969 

47-8616±0-2088 

Standard Deviation 

3-3922±0-3998 

3-6606±0-4185 

3-6424±0-2962 

{la ... . 

H-5086±0-9147 

12 -6068± 1-0021 

12-6483±0-9976 


— 1-9838± 6-3742 

— 14-8723±6-1622 

— 7-2741±6-1203 

lit . . . • 

384 *2038 ±62 -3655 

472 -4821 ±87 -6178 

446-0286±86-7243 

Pi • • • * 

0-0026 ±0-0035 

0-1104±0-1200 

0-0268 ±0-0247 

p. . . . . 

2-9009 ±0*3636 

2-9729±0-4639 

2-8327±0-2478 


It will be seen from Table IV that mean yield in Field II was slightly higher 
than that of Field I, although the difiference was only 1 .4011 tolas per plot. The 
standard deviations of the two fields were also not very different, the ratio'of the 
standard deviations is 1 *047, and for n^^n^^Ud is not significant. 

The third moment is negligible in Field I, but it is appreciably negative in 
Field n. The symmetrical form of the distribution in Fig. 1, and the skew curve 
with a bias on the higher yield aide in Fig. 2 show the same results graphicaUy. 
Fig. 3 shows the frequency distribution of the entire set of results. 



Yield ia tolas par plot of l/17424acre . — > 

Fig. 1, Frequency distribution of yields of rice in field I, 
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The standard errors of and pg large, as the sample is too small to 
give reliable estimates of third and higher moments. Judged in the light bf 
respective standard errors, the valnes are not significantly different from zero, 
and the p 2 values are also not significantly different from 3, the expected value 
for the normal curve. The distribution of rice-yields may thus, as far as the 
fourth moment, be considered to be a sample from a normal population. The 
observed distributions have been, therefore, graduated by a normal curve, with 
mean and variance obtained from the sample. 

The expected values for each of the frequency distributions (separately, and 
m combination) have been shown in column (3) and values in column (4) in 
Tables I— III. ■ 


Table V 


Test of goodness of fit by a normal curve 



n 


P 

Field I . . . 

9 

8-4962 

0-48 

Field II . 

9 

5*6113 

0-78 

Total area 

10 

9 1307 

0-62 


The data for testing the goodness of fit are given ui Table 5, in which column 
(2) shows the degrees of freedom on which x^ has been calculated, and P (in 
column 4) gives the corresponding probability of occurrence of systems of devia- 
tions as great or greater than the observed system. 

We thus find that if our plot yield data are considered to be a sample from a 
normal population, the chances are 48 in 100 in Field I that y? should be as big 
as or bigger than the observed value ; that is, the fit of a sample from a strictly 
normal population would be as bad as or worse in fort 3 r-eight per cent of cases! 
Hence, the hypothesis that the yield data conform to a normal distribution may 
be accepted as true for all practical purposes. In the same way the a^ssumption 
•of a normal distribution for the uniformity trial data is statistically justified for 
field II, as well as for the combined experiment. 

Standard Deviation of plots of different shape and size 

The lay-out of the experiment was in the form of two Latin Squares with twelve 
rows and twelve columns each. It was thus possible to conduct the analysis for 
plots of twenty.five different sizes and shapes, the smallest being 5 ft. X 5 ft. and 
the largest 30 ft. x 30 ft. In each case, the effect of soil heterogeneity was 
eliminated by subtracting the sums of squares between rows and columns within 
each Latin Square from the total sum of squares, and the variation between the 
two Latin Squares was also allowed for. The analysis of variance for the 
-5 ft.xS ft. plat is^ahown in Table VI. 
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Table VI 

Analysis of variance of rice yield 
(Plot-size 5 ft. X 5 ft.) 



DF. 

Sum of 
squares 

Mean 

1 Square 

Ratio of 
variance 

Field . . 

1 

1 131*0176 

131*0176 

14*24 

Row 

22 

y 658*7119 

29*9414 

3*25 

Column 

22 

J 666*3368 

25*7425 

2-80 

Soil-diffe pence . 

45 

1366*0663 ^ 

30*1348 

3*27 

Residual . 

242 

2227*1656 

9*2031 

.. , 

Total 

287 

3583*2319 

12*4851 



The mean yield of plot of this size (5 ft. x 5 ft.) is 47*85, so that the residual 
standard deviation (3*03) is 6*33 per cent of mean. Without eliminating the 
heterogeneity, the standard deviation is 3*54, or 7*37 per cent of mean. The 
standard deviation before and after elimination of the soil differences are shown 
as percentages of mean for various plot sizes in Tables VII (a) and (&). 

Table VII 

Standard deviation of a single plot as per cent of the mean 


Length of plot 

5 ft. 

10 ft. 

15 ft. 

20 ft. 

30 ft. 


1 * ^ J ' 

(a) Before eliminating fluctuations due to fields, rows and columns 

Width of plot — 

6 ft. ... 

7*37 

5*70 

4*92 

4-60 

3*94 

10 ft. 

5*97 

5-04 

4-33 

4-04 

3*36 

16 ft. 

5*48 

4*57 

4*03 

3-64 

3*27 

20 ft. ... 

4*87 

4-15 

3*38 

3-24 

3*05 

30 ft. 

4*16 

3*63 1 

307 

2-70 , 

2*94 


(b) After eliminating fluctuations due to fields, rows and columns 


6 ft. 

6*33 

4*85 

4*14 

3-89 

3*20 

lOft. ... 

4*98 

4*18 

3-68 

3-67 

2*14 

16 ft. 

5*21 

4*56 

4*40 

4*16 

4*15 

20 ft. . . 

3*62 

2-96 

1*83 

2*18 

1*50 

30 ft. 

2*76 

2-18 

1*74 

1*49 

! 1*65 

1 


Systematic soil-dieeeeekces 

As plot size increases, either the row or the column or both increase in size, 
and the amount of systematic fertihty differences ehminated is different in different 
cases. The total amount of variation eliminated is shown in Table VIII, in which 
column (1) gives the size of plot, column (2) the average sum of squares for varia- 
tion due to field, rows and columns, and column (3) the mean residual variance, 
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Table VHI 

Mm,n Squares of soil-Jieterogeneity and residual error for different plot sizes 


Mean Square 


Plot size 

Soi^ -heterogeneity 

Kesidual 

6 ft. X 6 ft. . 




*♦30 •1348 

(46) 

9*2031 

(242) 

5 ft. X 10 ft. . 




**72-9628 

(33) 

22-7167 

(110) 

10 ft. X 5 ft. . 




**66-3345 

(33) 

21-6476 

(110) 

15 ft. X 5 ft. . 




**96-2434 

(29) 

35*4134 

(66) 

6 ft. X 15 ft. . 




86' 6525 

(29) 

56*02 

(66) 

10 ft. X 10 ft. . 




**183-0614 

(21) 

64*07 

(50) . 

20 ft. X 5 ft. . 




*121-1467 

(27) 

55*5440 

(44) 

6 ft. X 20 ft. . 




’^^lee-ooio 

(27) 

47*9760 

(44) 

15 ft. X 10 ft. . 




*277-8899 

(17) 

105-7872 

(30) 

10 ft. X 15 ft. . 




209*9972 

(17) 

171-58 

(30) 

30 ft. X 5 ft. . 




*192-8360 

(26) 

84*3067 

(22) 

5ft.X ^0ft. . 




**240-4479 

(25) 

63*0663 

(22) 

20 ft. X 10 ft. . 




366- 1513 

(15) 

187*25 

(20) 

10 ft. X 20 ft. . 




**471-4306 

(15) 

128*4384 

(20) 

15 ft. X 15 ft. . 




291-6506 

(13) 

358*8998 

(18) 

10 ft. X 30 ft. . 




*700-9708 

(13) 

151*742 

(10) 

30 ft. X 10 ft. . 




*631-9015 

(13) 

156*59 

(10) 

20 ft. X 15 ft. . 




347-4507 

(11) 

571*4876 

(12) 

16 ft. X 20 ft. . 




**774-6905 

(11) 

110*2575 

(12) 

20 ft. X 20 ft. . 




*1079-1531 

(9) 

278*6736 

(8) 

30 ft.XlS ft. . 




630-3538 

(9) 

1279*3644 

(6) 

15 ft. X 30 ft. . 




*1193-2188 

(9) 

224*1087 

(6) 

30 ft. X 20 ft. . 




*2032-3196 

(7) 

295*9856 

(4) 

20 ft. X 30 ft. . 




1654-4775 

(7) 

294*8038 

(4) 

30 ft. X 30 ft. . 




*6619-4918 

(3) 

808*1761 

(4) 


In column 1, 1st jftgure represents lengths in feet north to south, 2ud figure 
represents widths in feet east to west. 


Double stars (**) indicate significance at one per cent and single star (*) at 
five per cent. 

The figures in brackets in columns (2) and (3) give the degrees of freedom on 
■srhich the variances have been calculated. Fisher’s z-test shows that in practically 
all cases elimination of differences due to soil-heterogeneity lead to an appreciable 
improvement in accuracy. 

Discussion of eesults 

The first point to be noticed in Table VII (a) is that the first four figures in 
all the five columns show a steady decrease, the error for one-row wide plots 
bei^ always the highest in each column. Compared to errors for one-row wide 
plots in Table VII (6) errors for two-row wide plots are much lower. The errors 
are agam high for three-row plots, but decreased for four-row plots This effect 
was noticed by Justesen [1932] and Kalamkar [1932] for potato, and was 
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attributed to the influence of competition between rows. Justesen^ sugg^t^ 
[ 1932, p. 369 ] that “ a high yielding row will probably depress the yields of the 
adjacent row, in this way giving a high variation between rows. When these 
rows are paired, the pairs will tend to give an average with less variation t an 
single row.” It is possible that such a competitive effect also works between 
successive series of rice plots, but while the figures in the alternate rows of Tab e 
VII show some evidence of such an effect, yields m alternate columns are 
apparently not affected by competition, although conditions are presumably same 
along both ways for square-sized plots regarding spacing of plants. 

The smallest error (1 *50 per cent after elimination of soil-differences) occurs 
in six-row long and four-row wide as well as in four-row long and six-row wide 
plots, the size in both cases being 30 ft. x20 ft. (=l/72‘6 acre). The bigger p ots 
as a rule show smaller errors than smaller ones, but the present experiment does 
not fully corroborate the claims made by a number of field workers that longer 
plots invariably show lower residual errors. 

Efficiency of diffekent plot sizes 


In discussing the relative efhciency of plot-size, it is necessary to remember 
that, given a definite total area, the number of replications is reduced as the 
plot size is increased. Consider a fixed total size of field A. If the m 

doubled the number of replications will be halved at the same fame. If there is 
gain in precision due to increase in the size of the plot, there 1 e a oss o 
accuracy due to the consequential reduction in the number of replications. In 
determining the optimum size of plots, we must, therefore, take into consideration 
both the factors : — 

(1) The increase of precision due to increased size of individual plots. 

(2) The loss of precision due to the reduction in the number of rephcations. 

Let fia be the percentage error of a plot area “ a , ’ and Mo t e^^avaia e 

number of replications, then the standard error for the given plot-size a may 
be written ■ — 


But a. no = total area of field= A = constant. Thus 

=A/o or I/Vn® =V(<V'A) 

sd that ^'o rJo+o tn 

fo, the efficiency f 

(a) and (6). 16 i 
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Table IX 

Sta'ndard deviation of a single plot after correcting for its size in per cent of the mean 

Length of plot 




6 ft. 

j 

I ,1 

10 ft. 1 16 ft. 1 

' ■ 

| , . 20 ft. 

I 30 ft. 







{a) Before eliminating fluctmtiom due to fields, rows and columns 



5 ft. 

7-37 

8*06 

8*52 

9-00 

9-66 

■ % 

Ck 

10 ft. 

8*44 

10*08 

10*60 

11*42 

11*64 

o 

15 ft. 

9*49 

11*19 

12*09 ; 

12*26 

13*87 

U 

20 ft. 

9-74 

11*74 

11*71 

12*96 

14*94 


30 ft. 

10*19 

12*23 

13- 02 

13*23 

17*64 


(b) After eliminating fluctuations due to fields, rows, and columns 



5 ft. 

6*33 

6*86 

7*17 

7*78 

7*84 

o 

U 

10 ft. 

7*04 

8*36 

8*77 

10*10 

7*41 

o 

15 ft. 

9*02 

11*17 

13*20 

14*41 

17 •60 

1 

20 ft. 

7*24 

8*37 

6*34 

8*72 

7-36 


30 ft. 

6*76 

7*55 

7*38 

7*30 

9-90 




\ , 


Table IX differs considerably from Table VII. Plots of size 30 ft. x 20 ft. 

(six-row X four-row and four-row x six-row) showed the smaUest residual standard I 

deviations in Table VII, but in Table IX the highest precision is given by the i 

smallest plot 5 ft. X 5 ft. The smaUest plot-size in this experiment provided 
such a large number of replications that the gain in accuracy due to this factor i 

more than compensated for the loss of precision due to the reduction in the actual 
size of plots. 


^e results given in Table IX are shown in percentage form in Table X in 
w^ch the readual errors for the different plot sizes are shown expressed as per- 

the umt plot (6 ft.x5 ft.) after eliminating soft heterogeneity is taken-100), ' 


. STATISTICAL KOTBS FOR AGRICULTURAL WORBjERS '' -li# 

Table X 

Percentage Man(k^f 4 dem 0 i 0 ^ cingle plot exjgressed as a percentage of the minimum 

plot {5 ft X 5 ft>) with ths errors far fields, rows and columns eliminated 

Lengtli of plot 



5 ft. 

10 ft. 15 ft. 

20, ft. 


(a) Without eliminating the fluctuations due to fields^ rows and columns 


O' . 

5 ft. 

116*42 

127-33 

134*60 

142*18 

152*45 


10 ft. 

133*33 

159-24 

167*46 

180*41 

183-89 

o- 

15 ft. 

149*92 

176-78 

191*00 

193*68 

219-12 


20 ft. 

153*87 

185*47 

184*99 

204*74 

236*02 

ts 

30 ft. 

160*98 

193*21 

205*69 

209*01 

278-68 


(6) EUi 

ninating the j 

fluctuation dm 

5 to fields, roi 

m and colum'i 

US 

^ . 

■■ Q , 

5 ft. 

100*00 

108*37 

113*27 

122*91 

123 *86 

. 

«4-( 

10 ft. 

111*22 

132*07 

138*55 

159*56 

117*06 

o 

15 ft. 

142*50 

176*46 

208*53 

227*65 

• 278*04 

■ 1 

, 

20 ft. 

114*38 

132*23 

100*16 

137*76 

116*12 

30 ft. 

106*79 

119*27 

116*59 

115*33 

156*40 









Fisher presents similar results in terms of ‘‘efficiency’', where the 


“ efficiency ” Fa is defined to be inversely proportional to , that is 
Fa oc 1/eI 


Thus in order to express the results in terms oi Fa, we have simply to take 
the square of the reciprocals of the figures given in Table X. It is clear that the 
unit plot (5 ft.x5 ft.) would give the highest value of showmg its luaximum 
efficiency in the Fisherian sense. 

For the convenience of comparison, the values of are given in Table XI, 

Table XI 

Relative efficiency of plots of different shapes and sizes (Fa). 

Length of plot 




5 ft. 

10 ft. 

15 ft. 

20 ft. 

■ 30 ft. 


(a) 

Witho 

ut eliminating 

J . 

the fluctuatior 

' ■ 

IS. due to fields 

rows and coh 

mns 

O'' ■ 

5 

ft. 

73*78 

61*67 

55*19 

49- 47 

43-02 

1 

10 

ft. 

56*25 

39^42 

35*66 

30-72 

29- 57 

0 

15 

ft. 

44*48 

32*00 

27*40 i 

26-65. 

: 20-83 


20 

ft. 

42*23 

29*07 

29*21 1 

23-85 

17-95 

'O . 

i.: 

30 

ft. 

38*58 

' ' 26*79. 

■ -:."23'‘63" 

:: 22-89 •- 

12-87 
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Table 'Xl—cordd. 

Relative efficiency of plots of different shapes and sizes (Pa)* 

Length of plot 



' 

1 5 ft. 

i 

j 

1 10 ft. 

16 ft. 

■ 

20 ft. 

30 ft. 


(b) After eliminating fi 

mtuations due to fields, rows and columm 


43 

% 

6 ft. 

100-00 

85*15 

77*95 

66*18 

65*18 

10 ft. 

80*84 

57*33 

52*08 

39-27 

72*97 

o 

Xi' 

15 ft. 

49-23 

32*11 

22-99 

19*28 

12*93 

43 

i 

20 ft. 

76-44 

57*13 

99*68 

52*80 

79*15 

SO ft. 

87*68 

70*29 

73-66 

75*18 

40*88 


It is worth noting that the results for net efficiency (as given in Table X 
or Table XI) show considerable irregularities, although a few systematic features 
are also present. Thus one-row wide plots are usually considerably more efficient 
than two-row and three-row wide plots ; also one-column long plots are on the whole 
the most efficient. The three most efficient plot sizes on the other hand are quite 
irregular and are given by one- column x one-row (5 ft, x 5 ft. = 1/1742 *4 acre 
with a value of Ea=l00), three-column x four-row (15 ft. X 20 ft. =1/145 *2 acre; 
Ea=l00- 2), and one-column x six-row (5 ft.x30 ft. =1/290 *4 acre ; jE7a=106*8). 

It is scarcely necessary to add that convenience of agricultural operations 
such as the laying out of the field, tillage, ploughing, harvesting, etc., as well as the 
relative economic cost of such operations must also be taken into consideration 
in fixing the optimum size of plots. The results of the present experiment show 
however that fortunately the range of choice from the point of view of purely 
•statistical efficiency is likely to be quite wide. For example in this particular 
^experiment, the difference in statistical efficiency between plot-sizes of 5 ft. x6 ft. 
<=l/1742-4 acre), 5 ft. x 30 ft. (=1/290-4 acre), and 15 ffc.x 20 ft. (=l/145-2 
.acre) is quite small, so that the final choice can be easily made from the point of 
view of practical convenience. 

Summary 

The present paper gives an analysis of a uniformity trial on transplanted rice 
{As,2 Kascdath of Aus type) conducted in the Karimganj Farm, Assam, in 1933-34 
in the form of two Latin Squares with 12 rowsx 12 columns each. 

(1) The observed frequency distributions of the yield figures for each Latin* 
Square as well as for both combined are not significantly different from normal, 
and can be graduated quite satisfactorily by the normal curve. The assumption 
of a normal distribution of plot yields is, therefore, justified within the limits of 
sampling errors of the present experiment. 

(2) The results were analysed in detail by the method of analysis of variance 
foraU possible (25 diffejpnt) size wd shajpe of plots. In pr^'OticaUy every case the. 
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elimination of variation due to systematic diBFerences in soil-fertility led to an 
a|)preeiaHe decrease in tlie residnal errors. 

(3) There was some evidence of the presence of competition between rowsj 
bnt not between columns, although conditions of spacings between plants were 
apparently the same along both directions so far as the lay-out was concerned. 

(4) The smallest residual variance occurred with plots of size 30 ft. x20 ft. 
(6-row x4-row= 1/72 *6 acre) which was the second largest size analysed in this 
experiment. 

(5) Taking into consideration the effect of reduction in the number of replica- 
tions due to an increase in the size of individual plots, the net residual error is 
lowest in the case of the smallest plot-size (5 ft.x5 ft. =1/1742-4 acre). The 
difference in net efficiency of comparison is, however, small with plot sizes of 
5 ft. X 5 ft, 5 ft. X 30 ft., and 15 ft. x 20 ft., so that the range of choice is fairly 
wide for fixing the optimum size of plots from considerations of practical 
convenience. 

Fairly small-sized plots (of the order of 1/1742-4 or 1/145-2 acre) are thus 
statistically quite efficient for experiments on rice. 

It is a pleasure to express our indebtedness to Dr. S. K. Mitra, Economic 
Botanist, Assam, for his kind encouragement in the present investigation. Our 
thanks are also due to Mr. S. K. Banerjee of the Statistical Laboratory for his 
valuable help in the statistical analyses. 
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iNTBODtrcTION 



being confined to a smaU portion of 
close, although in deep water paddies the till mtemodes an 

Shoots in turn produce tertiary ones and so on. * ’ ^^^^ondarj 

rfto “» > 

fifth or the sixth week bat in lafe varieti formation may cease from the 

ninth week. This liiitL pe« ™"tT T.t“**“* « «>» 

tron.^ which the tiUers grow „p and prXce sfor»rtS»‘T.n 

varieties prXcLglSlnri'Lro/Sferf Tfelf different 

depends a good deal on its tillering capacity which theref ^ ^ 

important economic factor in thf study of iihe rice pfenr TfiVT r** 

not equaUy effective in contributing to the final vield • ti,' however, are 

oyery wide spacing, tiUering i; 

tdlers do not ripen with the earlier ffilers and 1 . flooring stage, but these 

waste the energy of the plant without any correspL^^^t^^^®’ 

number of tiUm^formed^d reclt wtk ^ ® 

go to show the importance of tiller studies In^r ™ ®®“gal and Madras 

studies. In the present investigation, range of 

( 1122 ) ® 
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variation of tillers from plant to plant of a given variety of rice, the nature of the 
distribution of tillers, and the effect of soil heterogeneity on tiOer numbers have 
been studied from a statistical standpoint, and an attempt has been made to deter- 
mine the order of accuracy of the estimates for a given number of tiller counts. 

The present tiller test was conducted at the Government Agricultural Farm, 
Bankura, in 1933-34. Three blocks of land measuring 1/10 acre each were trans- 
planted with single plants of JMngasail a local variety of rice grown very 
frequently in Western Bengal. The blocks were laid out in the form of 5 x5 
Latin Squares, and each plot contained ninety plants in nine rows of ten columns 
each with a spacing of nine inches from plant to plant. The dates of trans- 
planting were different in the three blocks and are given below 

Field No. 37/B . . , * . . . 13th July, 1933. 

Field No. 36/B . . . . . . . 27th July, 1933. 

Field No. 35/B . . . .... 7th Augustl933. 

The total number of plants in each block was 90x25=2,250, so that in three 
blocks there were 6,750 plants altogether. The number of tiUers grown on each oi 
these plants was counted by one of us (K. 0. B.) with the help of Mr. J, R. Pal, 
Assistant Rice-Research Officer, Bankura, and these records form the material 
for the present note. 

Range of variation 

Omitting three plants in blocks 37/B and 35/B, and two plants in block 36/B 
which had died, tiller formation ranged up to seventeen per plant in 37/B, and 
fourteen in each of 36/B and 35/B. The range of mean tiUers per plot of ninety 
plants in the three blocks together with the range of standard deviations are 
shown in Table I 

Table I 


SaTtge of variation of mean and S, D. of tillers 


Block 



Range of variation 



Mean 

S. D. 


37/B 


• • . 

5*24r-9'33 

1-10— 2-17 

36/B . 


m ■ 

6-42--8'4I 

1-02— 2-08 

35/B . 



3 *87— 7-60 

l-ll— 2-03 


The mean tiller numbers per plant for each of the twenty-five plots in 
blocks 37/B, 36/B and 35/B together with the standard deviations are shown in 
Appendix !• The statistical analysis is given in Table II. 
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Table II ■ 


Analysis of variance 



D.F. 

Sum of squares 

; Mean square 

Batio 




(a) Field 




Bows • , 



4- 

1323*97 

330*99 

,6*42 

Coluiims 

• • 

, 

4 

156*61 

39-15 

0*64 

B'esidual • 


• 

16 

976*97 

61 *06 



Total 

• 

24 

2457- 65 






(6)- Fidd 3( 

VB 



Bows 



4 

91*90 

22*98 

0*71 

Columns 

. . 

, ■ 

4 

244*60 

61-13 

1*90 

Besidual 



16 

614*69 

32*16 



Total 


24 

850*99 






(c) Field 3S-B 



Bows . 

• . 


I ^ 

1067*33 

266*83 

1 6*64 

Columns 

• • 

, 

1 4 ■ 

163*68 

38*40 

' 0*94 

Besidual 

. 

• 

16 

653-05 

40*81 



Total 

* 

24 

1873* 96 





1 

(d) Three fieldt 

i combined 



Bows ♦ 

. » 


12 

2483*20 

206*93 

4*63 

Columns 

» • 


12 

554-69 

46*22 

1*03 

Field . 

• . 

, 

2 

24924*12 

12462*06 

278*92 

Besidual 

• 

• 

48 

2144*61 

44*68 



Total 

• 

74 

30106*62 




It mil be seen from the above tables that the mean square deviation be- 
tween columns were always of the same order as the residual variance. The row 
variance, however, was very large in blocks 37/B and Sb/B, but not in 36/B. The 
variances for tillers per plot were roughly of the same order in all three fields, and 
•were 61^06, 32*16 and 40 *81 respectively spooling these results,- the- variance was 
44*68, so that the standard deviation between tillers per plant in the plots of 
ninety plants each is 6:7 approximately. 

Since 'data for individual plants have been recorded, it is possible to make 
an estimate of systematic soil differences within the same plot. There are ninety 
plants in each plot arranged in ten rows and nine columns ; the mean variances 
of tillers per plant between row:s and columns are shown in Appendix II (a)-(c) to- 
gether with the residual and total variances. It will be seen that, with the excep- 
tion of a few plots, the row and column variances were not significant. Hence as 


... : ; STATISTICAL, NOTES ¥m AGEIOWUBAL WOl^EEBS ,ll2i 

far as tlie tiller counts are concerned each plot appeared fairly homogeneous with- 
in itself, although the whole field of twenty-five plots showed appreciable soil 
differences between rows (Table 'll). 

The frequency constants together with the standard errors are shown in Table 
III. We notice that block B7/B gives the highest mean tiller per plant, block 3?/B 
comes next, with block 35/B as significantly the lowest. The standard deviations 
in the three blocks, though statistically differentiated, are fairly close to ^eh" 

other and the pooled standard deviation of tillers per plant is !• 92. ^ 


TabUji III 


Frequency constants with standard errors 


Size of sample 
Mean 


Observed valujes 

37/B : 

36/B : 

35/B 

2250 

2250 1 

2250 

7-2249 t0*0426 

6-6498 ±0-0380; 

5-9334±0*0409 

2* 0160 ±0‘ 0301 

1-8013 ±0-0269 

1-9402 ±0-0289 

0 • 0551 ±0- 0263 

0-0647 ±0-0202 

0-2637 ±0-0676 

3 • 3436 i 0-2003 

3 -0497 ±0-1269 

3-2809 ±0.1841 


Expected 


The ^/values in the first two blocks (37/B and 36/B) are not significantly differ- 
ent from zero so that these distributions may bo taken to be symmetrical. !|rhe 
distribution of tillers in block 35/B is, however, appreciably skew, the bias 
being on the side of lower value. T heP 2 "values in the three cases are not signi- 
ficantly -different from 3 (== the value of % in the case of normal curves). ' The 
histograms for these three observed distributions are shown in Pigs. 1 — 3. 

So far as the first four moments are concerned, the distribution of the number 
of tillers per plant in the first two blocks cannot be distinguished from a normal 
type. The distribution in the third block is slightly skew and rather abruptly 
rises to a maximum and then slowly tails off at either end ; but even then, the 
deviations of and pg from Gaussian values are not very marked. 

The observed frequencies were next graduated by a normal curve with mean 
value and variance based on the sample. The observed and expected frequencies 
are gwen in Table IV and also in Pigs. 1—3. 
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No. of tillers per plants 

Fig. 1. Frequency distribution of tillers in field 37/ B. 
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Observed and calculated frequency distribution of tillers and ieM 
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A glance at the diagrams shows that the fit is totally inadequate. The same 
conclusion is reached from the very high values of x^). In fact, the odds 
against the samples having been drawn from a normal population are considerably 
greater than a million to one. 

At first sight it may appear a Kttle strange that an observed distribution for 
which the two conditions ^^=0, and are approximately satisfied does not 

admit of even amoderately adequate fit by a normal curve. The reason, however, 
is clear. If an observed distribution is truly normal not only its first four moments 
but the higher moments also must agree with the theoretical values within the 
limits of errors of sampling. The method of classifying an observed distribution 
with the help of moment functions is only tentative ; actual graduation by the 
expected type and comparison of observed values by the (-P, x*) test is always de- 
sirable. 

In the present case the x*-test shows conclusively that the distribution of 
tillers per paint cannot possibly be considered to be of the normal type. It 
remains now to be examined how far the use of Fisher’s z and ^-tests are adequate 
when the population to he sampled is of this type. 

StJMMABY 

The number of tillers in each of 6,750 rice plants grown in Bankura Farm 
in 1934 were counted and the observations have been analysed for investigating 
into (i) the range of mean and standard deviation of tillers from plot to plot, (ii) 
the nature of frequency distribution of tillers and (ui) the effect of soil differ- 
ences on tiller number. 

(1) Mean tiUers per plant based on a sample of 90 ranged between 3*87 
aad9'33. 

(2) Standard deviation of tiller number varies between 1*02 and 2*17. 
The pooled standard deviation is 1 * 92 tiUers per plant. 

(3) The variance between rows was significant. The tiller numbers within 
plots of 1/260 acre did not show appreciable heterogeneity. 

(4) The distribution of tiUers was not significantly different from the normal 
type as far as the first four moments. The higher moments were, however, signi- 
ficantly different from those of normal distribution, and thus the normal curve 
was inadequate for graduating the frequency distribution of tillers. This was 
ako confirmed by x^) values. 
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Appbkbix I 

Mmn of nuMer of titters based m 90 pbrU , atid their Btamlard devMm) 

s»i.ll Field So. 87/B_! FieldSr^.^ Keld So. SSlB 

__ ; n x^ ■ i Tv/Tean S. D. Mean | 


6*61 

5*24 

5*93 

6*44 

6- 53 
5*41 
6*09 

7- 07 
7*33 
7-54 
6*29 
7-27 
7*37 
7*49 
6*62 
8*60 
6*69 
9*33 
8*44 
7*60 
8*64 
9*13 
7*72 
7*74 
7-24 


S. B. I 

i 

Mean 

1*488 

5*57 

1*621 

6*64 

1*344 

7*06 

1*175 

6*74 

1*833 

8*41 

1*994 

7*38 

1*465 

1 6*44 

1*537 

6*58 

1*542 

6*56 

1*627 

5*50 

2*088 

1 6*51 

1*724 

1 5*70 

1*487 

6*02 


1*734 

r878 

1*872 

2*174 

2*033 

1*826 

2*077 

1*815 

1*691 

2*129 

1*102 

1*515 


1*955 

4*96 

1*105 

1-668 

3*87 

1-230 

1-702 

4*16 

1*307 

1-582 

4*91 

1 - 647 

1*885 

4*87 

1 - 127 

1*901 

6-62 

1*352 

1*661 

6*40 

1-890 

1-796 

6*53 

1*157 

1*017 

6-64 

1*728 

1-763 

3*98 

1-649 

1-327 

5*71 

1-797 

1*696 

6*68 

1-858 

1*422 

4*62 

1*409 

1*622 

7*60 

1*756 

1*716 

6*56 

1*472 

1*480 

5*83 

1*655 

1*448 

5*69 

1*658 

1*591 

6*58 

1*542 

1*596 

7*20 

1*477 

1*364 

6*77 

1*897 

1*638 

7*44 

2*026 

2*080 

6*74 

1*777 

1*586 

6*70 

2*003 

1*787 

6*77 

1*726 

2*010 

5*53 

1*634 


Appendix II 

Mean variance of columns and residue 


Serial 
No. 
of the 
plot. 


Kow (9) 


Column (8) 


(a) Field 37/3 

2*59 

3*65 

1*73 

** 3*54 


Residue (72) 


Total (89) 


2*2403 

2*6587 

1*8270 

1*3958 


** Indicate significance at one per cent. 
* Indicates significance at five per cent. 
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Appendix 

II — contd. 


Serial 





No. 

Row (9) 

Column (8) 

Error (72) 

Total (89) 

of tll0 





plot 







(a) Field No- 37IB~ contd 


5 

5’77 

4*73 

2*97 

3*3978 

6 

2-08 

2*45 

4*43 

4*0201 

7 

3*11 

1*68 

2*13 

2*1718 

8 

2*45 

4*09 

2*17 

2*3888 

9 

2*78 

3*80 

2*20 

2*4045 

10 

3*68 

1*80 

2*67 

2*6778 

11 

3*89 

2*57 

4*70 

4*4100 

12 

2*84 

6*13 

2*62 

3*0067 

13 

1*03 

2*91 

2*29 

2*2348 

U 

3*22 

2*13 

3*27 

3*0388 

15 

! 2*89 

4*26 

3*56 

3*5782 

16 

2*03 

6*53 

3*34 

3*5461 

17 

3*21 

**12-77 

3*97 

4*7785 

18 

4*36 

2*42 

4*39 

4*1798 

19 

3*17 

3*56 

3*37 

3*3733 

20 

4*52 

1*28 

4*67 

4*3620 

21 

3*01 

3*48 

3*35 

3*3328 

22 

2*20 

2*61 

3*00 

2* 8921 

23 

4*94 

7*44 

4*21 

4*5849 

24 

**3*98 

**2*36 

0*73 

1*2261 

25 

1*95 

1*99 

2*40 

2*3216 


(&) Field No- 36IB 


1 

**16-4802 

1*6750 

2-5332 

1 3-8663 

2 

1*9864 

5*3278 

2*6366 

2*8126 

3 

2-4506 

2-9278 

2*9897 

2*9295 

4 

0-7173 

2*2528 

2-7870 

2*5295 

5 

4*0136 

3*0861 

3-5972 

3-5931 

6 

4*9334 

4*0945 

3*4374 

3*6534 

7 

2*6667 

3-2778 

2*7502 

2*7890 

8 

5*1556 

2-3445 

3*1225 

3-2579 

" \ 9 

**6-2963 

2*8778 

1*7297 

2*2946 

10 

1*8086 

2*8500 

3*2978 

3-1068 

11 

1*2642 

*3-7361 

1*6282 

1*7808 

12 

3*0383 

2-2750 

2*9634 

2*9090 

13 ,| 

2*7358 

2-1195 

1*9499 

2*0445 

14 1 

4*0259 

*5-0000 

2*2317 

2-6618 

15 ! 

3*0630 

4-9278 

2*7520 

2*9789 

16 

3*5309 

6-3528 

3*1339 

3*4632 

17 

1*0568 

3-2278 

2*1292 

2* 1194 

18 1 

3*5506 

*5-2445 

2*1396 

2*5613 

19/ 

2*3716 

*5-8528 

2*2357 

2*5744 

20/ 

**4-2963 

**5-1945 

1*2130 

1*8827 

n 

4*3951 

4-0695 

2*3535 

2*7141 


** In^oate significaiice at one per cent • 
♦ Indicates significance at five per cent- 
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1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 


1 - 

1 - 

1* 

3* 

0 * 

1 * 

3- 


•0667 
•8222 
•7827 
•8469 
•7605 
•7580 
•2395 
’*‘3*3086 
3*7235 
**10-0938 

1- 6840 
*6-0605 

2- 0691 
*5-9556 

2- 9630 

0- 7901 

3- 6247 
*4-2148 

**3-1556 

1- 8630 
6-2469 


6308 
6038 
'9000 
‘ 1926 


Serial 
No. 
of the 

Row (9) 

i 

Column (8) 

Error (72) 

Total (89) 

plot 

22 

23 

24 

25 

1 

3-1914 ! 

*4-6284 
6-1963 
1-7086 

(6) Fidd No. 36 

4-1611 

**6-6028 

*6-0445 

7-2000 

'jB contd 

4*5473 

1 - 9424 

2- 6742 

4-0367 . 

4-3762 

2- 6430 

3- 2321 

4- 0854 


(c) Field iVo. B5IB 


1-8778 

0-7972 


1-8778 

3*5861 

**3-1750 

1-8111 


3*3000 

1- 1528 

2- 2028 
**2-4444 

*6-5611 

*6-2444 


2- 

3- 

5- 

3* 

2- 

3- 


•2278 
•3000 
-0278 
•7347 
•3111 
•6167 
**3*3445 
5-3500 
2*4528 
3-1778 
7-3863 
2*1500 
1*9000 


1 

1 

1 

2 

1 

1 

3 

1 

3 

0 

3 

2 

1 

2 

3 

3 

3 

2 

1 

3 


1833 
5750 
7049 
1108 
1411 
8636 
-6951 
'5725 
'0207 
• 3549 
•0951 
•8772 
*9747 
•7444 
•3241 
2332 
7247 
0429 
1500 
-6741 
4*0886 
3*1392 
3-6176 
3*1222 
2*8537 


'2340 

■5301 

7283 


2- 4190 
2854 
8482 
6135 

_ 5194 
3*0182 
2*4265 

3- 2639 
3-5017 

2- 0070 
9955 
4407 
0312 
7785 
4040 

„ 6501 

3- 6416 

4- 1598 
3-1924 
4*0561 
3*0124 
2-7011 


1- 

3- 

3- 

2- 

2* 

1* 


**Indicat 0 significance at one per|cent. 
* Indicates significance at five per cent. 
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CHAPTER II 
Ai^-alysis of flotjrs 

The quality of the flour is the fundamental basis of good bread and it cannot 
be estimated in relation to a single factor only. The data that must be taken into 
consideration vrhen judgmg whether a flour is suitable for bread-making are many 
and complex. Bread is in no sense an inert, but rather a living organism, in which 
are to be found numerous chemical and bio- chemical phenomena that, as will 
be ^een later, have an important influence on its quality. 

The tests to which flours must be submitted are the following : (A) Physical 
and organoleptic— (B) Chemical— (C) Bio- chemical— (D) Physico-chemical— (E) 
Mechanical. 

Before discussing the methods of analysis, it is necessary to mention briefly 
the taking and preparation of samples. 

Taking of samples, — This operation should be carried out with care and 
accuracy in order to obtain a homogeneous sample which corresponds with the 
flour from which it is taken. Special instruments, called sampling rods, allow 
material to be taken at varying depths, either from the sack or in the warehouse 
in which the flour is stored. 

The samples are then mixed together according to the methods used for 
mixing the grain and the prepared sample is placed in a sealed tin treated with 
paraffin and kept until required for use. 

( 1134 ) 


MIBOBS OB ABttYMS AHB aPPMO.AT.OB OF WHBA,, FBOOES ABB B.BAB 11» 

U) Phvsimlandorganokpticexamimtion ' 

THU . inti : e—B 

of the flour, whether it con^ tam^, ' esamimtion of the fineness. 

Bn„Ati.n of thetaet^— t.on o£«.o “ be the same » 

Examination of the odour. The o oi^ nv he brought out bv boil- 

that of wheat. When there I. any donbt, the odonr may be brought ont Dy 

4 the flour in water with a eman quantity of caustic s^a. 

miplMisant or abnormal, the flour has either not been properly pres 
contains some foreign substance. . 

B^an.i.ati^oftUcoUu.-T^^^ 

coloux)-determination of the chemxoal 
constituents which give colour to the flour. ^4gt«+.the content 

The determination of colour by mflection d^ no^U^y in^^^^ 

in chemical elements which giro *?°nb7an-(2) content 

m wS- ““ “5 and foreign bodies, such «, dust, weed 

The conLt in bran “^C’ySoS^oSdu^to 

be due to other ea^s, su^ » •''-^Xt ^—nsymatU actMty. 
tions in the absorption of bght^ Accor g colour of the flours, 

particularly that of oxidizmg ^erm , among which may be mentioned: 

In addition to 

lltteXrW le fntensity and direction of the light under which the 

““r:x::nFid.ntth.t.^ 

I Sro:r;= t^pld’^l^- of Jeonr in the p.tetice both 
nf f be flour industry stnd of tho flour trade 

Pehar method.— On a blacK _ _ -,3 ^^eans of stamps (5 cm. 

8 cm. wide, “f *'’^‘‘“2rThe board U then carefully placed at a slanting 
S; in'tb’:^' of hot water -and left for about mmjgmteiit^^ 

pp. 1150—1162. 
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removed and dried at 100° and the difference in colour is noted, which is much more 
apparent when the flour is completely dry. 

Examination of the colour of flours, — Numerous methods are used which, 
according to the quantity and quality of the solvent used, lead to different and 
divergent results. 

For researches on the colour (carotin) the Kent Jones method (2) has been 
adopted. For this there are required : — 

(1) a Duboscq colorimeter : better results are obtained with the Pulfiich 

photometer and colorimeter with photo-electric ceUs (Lange appara- 
tus), 

(2) reagents: (a) benzine; density, 0* 720-730 ; 

(6) a coloured solution obtained by using the following 
mixture : 10 c.c. of solution of potassium chromate at 0* 5 
per cent, !• 5 c.c. of solution of nitrate of cobalt anhy- 
dride at 10 per cent of solution; The whole is brought 
to 100° with distilled water. 

The procedure is as follows : 20 grm. of flour is placed in a graduated tube, 
100 C. C. of benzine is added and the whole is mixed and shaken in an agitator for 
one hour, after which it is left to stand for a night. The liquid is then separated 
from the precipitate, filtered (using filter No. 601-602) and the clear solution 
is compared with the sample. 

Determination of fineness, — ^The sieving test may be carried out by hand by 
means of a series of small sieves with varying fineness of mesh. At the present 
time small electric plansichters ’’ are used, which answer the purpose perfectly 
and allow the various degrees of fineness of the flours tested to be studied. 

(B) Chemical methods 

Chemical tests comprise the following determinations moisture — ash — 
cellulose — protein substan ces — fats — gluten — sugars — acidity. 

The determination of moisture, ash, fats and protein substances is carried 
out as for wheat. 

Determination of cellulose, — The Weenden method adopted for wheat is also 
highly suitable for flours. Mention should also be made of the recently proposed 
Kurschner and Hanack method (3), introduced by Bellucci (4) for his experiments 
on flour, which is highly recommended for its rapidity and accuracy. 

In a glass sphere, capacity 100 c.c., to which is attached a glass tube 1 metre 
long and 5 mm, in diameter, is placed a liquid reagent thus composed : 45 c.c. of 
acetic acid at 1'80 per cent in weight and 4*5 c.c. of concentrated nitric acid 
(p.s. — 1*4) if the sample examined is flour or forage meal ; 30 c.c. of acetic acid 
and 3 c.c. of nitric acid for other by-products. By means of funnel 3 grm. of bak- 
ing flour are introduced (2 grm. of forage meal or 0*3 grm. of other by-products), 
the refrigerating tube is applied and heating takes place by means of a small flame 



taking care to avoid carbonisation of tbe substance. The flame is regulated and 
the heating at low boiling point is carried out for 25 minutes in such a way as to 
avoid the escape of steam from the refrigerating tube. Filtration is then carried 
out on a porous crucible. The glass sphere is w^ashed with 5 c.c. of hot reagent, 
then with hot water, a little alcohol, ether and finally with hot water again. 
The crucible is placed in an oven at 105"^ for one hour and then weighed. It is 
then calcinated and weighed again. The difference between the two weights gives 
the value of the crude ash-free cellulose. 

Determination of gluten , — The most important chemical tests are those made 
on the gluten and its constituents, as the baking value of the flour is chiefly 
dependent on this substance. 

Gluten is formed by the action of water. In the cells of the wheat there are 
two gluten forming proteids which, under the action of water, are transformed 
into gluten. Gluten is considered to be formed by gliadin and glutenin and is 
not a simple mixture, but, according to Bugenberg de Jong, is a colloid complex, 
based on an electric relation between the two substances. It is evident that in 
extracting the gluten many variations may occur due to the system of extraction 
adopted and also to the physico-chemical conditions. 

The content in gluten of a wheat and its qualities are clearly not only depen- 
dent on the quantity of nitrogenous substances and consequently on all the factors 
already described having an influence on the wheat (variety, conditions of culti- 
vation, soil, climate, etc.), but are also influenced by other factors, among which 
should be mentioned the fineness of the milling and the conditions under which 
the gluten is extracted, such as the hardness and composition of the water 
employed, the length of time the dough is left to stand, the temperature of the 
water, the length of time employed in washing the gluten, the methods of the 
individual operator, etc. 

It is, therefore, clear that it is necessary to standardize as far as possible the 
methods of extraction in order to arrive at corresponding and comparable results. 

Many processes are now in use ; frequently spring water is used which, having 
a composition that varies from place to place leads to considerable variations. 
Marotta and Vercillo (5) adopted in their experiments the solution of the type 
.advised by Berliner aud Koopmann (6), This is a solution of sodium chloride free 
from magnesia, which, with the addition of sodium phosphate, is brought to 
the ionic concentration considered by Dill and Alsberg as being the best for 
preventing dispersion of the gliadin (7). 

Extraction of gluten,— In order to eliminate any influence due to the operator 
or to working conditions, it has been considered advisable to abandon the system 
of hand extraction and to use solely mechanical means. True extraction is carried 
out with the Hankoczy apparatus and for freeing the gluten from the starch 
still present, we use our own separator which in its method of operation resembles 
that of the machine adopted in the industry for the preparation of gluten as well 
as Arpin’s ‘‘ Essoreuse/* 
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The method of procedure is as follows : 50 grm. of flour are kneaded for 5 
minutes with 20 c.c. of standard solution (8) and the dough obtained is left to 
stand for half an hour after which two morsels of dough, 20 grm. in weight, are 
taken and placed in the two rubber bags of the Hankoezy apparatus and double 
extraction is carried out so as to obtain more accurate results. During the opera- 
tion the standard solution kept at 18° is slowly dropped in until the washing water 
is clear. 


It should be noted that the gluten thus extracted is not free from starch ; 
in fact, if the protein content is determined (allowing that the protein substances 
are equal to nitrogenx6-25) it will be seen that the gluten contains 75-87 per cent 

of protem substances and that the remainder consists of starch, fats, minerals 

etc, , . . . ■ ■ ■ ■■ ’ 


After ca^g out the extraction, the two pieces of gluten previously extracted 
are passed through two steel cylinders revolving in opposite directions, about a 
enth of a r^metre apart. This operation takes place under a jet of standard 
solution and is completed in 40 minutes. In this way the greater part of the 
starcii is expelled and tiie results are in agreement. 


^ In our analysis we take, as already said, the average between the two weights 
which are generaUy equal. This weight multiphed by 5 gives the content in wet 
gluten of 100 parts of flour ; the dry gluten is obtained by drying the wet gluten in 
an oven at 105° for 12 hours, taking care to cut the surface of the gluten crosswise 
after half an hour m the oven so as to facihtate the evaporation of the water. 


Is the gluten content sufficient for estimating the quahty of a flour and is 
there any constant relation between this quantity and the baking strength ? 

Undoubtedly a good flour always contains a considerable percentage of gluten 
(generally a hmit of not less than 8 per cent is required) and the absence or insuffi- 
ciency of guten renders the flour unsuitable for baking. It should, however, be 
observed that, although the strength of the flour is dependent on the presence 
+E depndent only on the quantity but also on the quahty of 

that substance which is m relation to its physical and physico-chemical properties. 


(i) Dosage of gliadin a-nd glutenin 



^ Research wgk on the constituents of gluten has been the subject of numeror 
stuffies made with a view to the estimation of the baking strength of flour Som 
writers are of opmion that the relation gliadin ; glutenin is a s^ciently accural 
entenon for estimati^ the quahty of the flour. The methods of extraction hov 
ever, employed by them are so diverse that the results contradict each other an 
no feal conclusions can be reached. According to Snyder (9) the percentage c 
ghadm IS much more important than the relation gliadin .- glutenin ^ 
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Heurent (10) believes that tb© most satisfactory relation gliadm : gltitenin 
is 1/S, wMle Sharp and Gotner, using alcohol at 70°, found for flour a relation 
gJiadin : glutenin which varies little and approximates to unity. 

’ Determination of gliadin,—TGii grm. of flour are added to 100 c.c. of alcohol 
at 70° in a glass tube, with a roughened stopper, shaken frequently during the 
day. It is then left to stand for a night and shaken again in the morning, and 
filtered, after the flour has been deposited. The total nitrogen in 50 c.c. of the 
filtrate is ascertained by evaporation with a few drops of phospho-sulphuric acid 
adding the remainder of the acid when evaporation is almost complete and fol- 
lowing the method of Kjeldahl as for the nitrogen test. By means of the per* 
centage of nitrogen found, the gliadin is ascertained by multiplying by 6*25 and 
brought into relation with the total nitrogen substance. 

Determination of glutenin . — ^When the percentage of gliadin is known the 
content in glutenin may be calculated by difference. Certain investigators prefer 
to determine the gluten directly and, among the methods employed mention 
should be made of that of Blish and Sandstedt (11). 

The Blish and Sandstedt method . — ^Requires the following reagents : — 

(1) Solution iV ofNaOH. 

(2) Solution iV/5ofHCL 

(3) Solution of Bromothymol blue (0*10 of di-bromothymol-sulphonaph- 

thaleina are ground with 3*2 c.c. of solution N/6 of KfaOH and 
brought to 25 c.c. with ethyl alcohol at 95°. It is necessary to 
filter). 

(4) Methyl alcohol (should contain 96-99 per cent of CHg OH and should 

be free from acetone). 

Eight grm. of flour are mixed in a Kohlrausch flask capacity 200 c.c., with 
50 c.c. of water and then shaken vigorously, and 5 c.c. of solution N/20 of NaOH 
is introduced. The mixture is shaken every 10 minutes for one hour after which 
methyl alcohol is added in parts of 50 c.c. at a time, shaking sharply after each 
addition until the 200 c.c. mark is reached. Another 5 c.c. of methyl alcohol are 
added to compensate for the volume occupied by the flour; the whole is well 
mixed and, after the starch has fallen to the bottom, the supernatant liquid is 
filtered through cotton. Then 50 c.c. of this liquid is taken and introduced into 
an Erlenmeyer flask ; a few drops of Bromothymol blue are added and the glutenin 
is precipitated gradually adding by means of a burette the solution N/B of HCl 
untn a light olive colour is obtained, corresponding to apH of about 6*4, 

After being left to stand for one hour the contents are poured into a 100 c.c. 
tube and centrifuged for 10 minutes. The liquid is poured off and the glutenin 
is removed from the tube with a little water and placed in a Kjeldahl flask. The 
nitrogen is then determined and the value found, multiplied by 6*25, gives the 
percentage of glutenin. 
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In tite Italian flours examined by us (using the aloobol at 70® method) no 
relation was found, between the relation gliadin : glutenin and the hairing strength 
This fact confirms results obtaiUed by other investigators, and shows the imprac- 
ticability of . using such systems of research for estimating the value of the flour. 

Determination of reducing sugars.— The quantity of sugar present in- the 
flour after milling is almost negligible. After a few weeks of rest the formation 
of small quantities of sugar will be noticed which are necessary for good baking. 

The dosage of sugaj in flour is carried out by us according to the Bertrand 
method (12). It requues the following reagents 

Solution A : 40 grm. of copper sulphate crystals are dissolved in water and 
brought to 1000 c.c. _ ■ 

Solution B : 200 grm.- of Seignette salt 4-150 grm. of sodium hydroxide 

are dissolved in water and brought to 1000 0.0. 

Solution C : SO.grm. of iron sulphate (free from ferrous sulphate, so that 
the permanganate of potash is not reduced) are dissolved in 200 
c.c. of concentrated sulphuric acid and brought to 1000 o.o. 

Solution D : Solution exactly iV/lO of permanganate of potash, so that 

1 c.c. of solution corresponds to 6-36 mgm. of copper. 

The method of operating is Vbry simple ; 20 c.c. of sugar solution obtained 
a,fter clarifying the flour (see page 545) are treated with 20 c.c. of reducing solu- 
tion (10 C.O. of solution A-f lO c.c. of solution B) and boiled for 3 minutes, after 
which the glass is removed from the flame and the cuprous oxide precipitated 
(the solution left over after precipitation should remain blue) and filtered through 
a Gooch crucible or porous glass. After having filtered the blue liquid, the preci- 
pitate is placed on the filter and washed with water, until no traces of copper 

mdphate remam. The precipitate is then treated with 20 c.c. of solution G (iron 
sulphate) and dissolved forming a greenish solution. The glass and the crucible 
;are washed with distilled water and the whole is collected in a flask and titrated 
lyith the solution of permanganate of potash. 

The reactions take place as follows 

(1) CuaO+Fej (S04)3-fH2S04=2 CuSOi+HjO+flFeSO* 

( 2 ) lOFeSO, +2KMn04 4 - 8H2SOi= 5Fea(S04)s -j-K;2S04 -f-MnSO* -j-8HaO. , 

The proportions of glucose and of maltose corresponding to the amounts of 
copper obtained are shown in the annexed tables and calculated for 100 srm 
of flour. ® ' 

Acidtty dosage.— The acidity of newly milled flour is very small and varies 
between pH=5 - 8 and pH=6*2. After a certain period of tune following milling^ 
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Table for calculating (he glucose cofdent 


Glucose 

mgm. 

Copper 
' mgm. 

Glucose 

mgm. 

Copper 

mgm. 

Glucose 

mgm. 

Copper 

mgm. 

Glucose 

I mgm. 

Copper “ 
mgm. 

Glucose 

mgm. 

Copper 

mgm. 

10 

20*4 

29 

67*2 

48 

91-8 

67 

124-7 

86 

155-6 

11 

22*4 

30 

59*1 

49 

93*6 

68 

126-4 

87 

157-2 

12 

24*3 

31 

60-9 

50 

96*4 

-69 

128-1 

88 

168-8 

13 

26*3 

32 

62-8 

51 

97-1 

70 

129-8 

89 

160-4 

14 

28-3 

33 

64-6 

52 

98-9 

71 

131-4 

90 

162-0 

15 

30-2 

34 

66-6 

53 

100-6 

72 

133-1 

91 

163-6 

16 

32-2 

35 

68-3 

54 

102-3 

73 

134-7 

92 

165-2 

17 

34-2 

36 

70-1 

65 

104-1 

74 

136-3 

93 

166-7 

18 1 

36*2 

37 

72-0 

56 

106-8 

76 

137*9 

94 

168- 3 

19 

38-1 

* 38 

73-8 

57 

107-6 

76 

139-6 

95 

169*8 

20 

40-1 

39 

75*7 

58 

109*3 

77 

141-2 

96 

171-4 

21 

42-0 

40 

77*5 , 

69 

111-1 

78 

142-8 

97 

173-1 

22 

43-9 

41 

79*3 

60 

112*8 

79 

144-5 

98 

174-6 

23 

45-8 

42 

81*1 

61 

114-5 

80 

146a 

99 

176-2 

24 

47*7 

43 

82*9 

62 

116-2 

81 

147-7 

100 

177-8 

26 

49*6 

44 

84*7 

63 

117-9 

82 

149-3 



26 

51*5 

45 

86*4 

64 

119-6 

83 

150-9 



27 

53*4 

46 

88*2 

65 

121-3 

84 

152-6 



28 

65-3 

47 

90*0 

66 

123-0 

85 

164-0 




Table for calculating the maltose content* 


Maltose 

mgm. 

Copper 

mgm. 

Maltose 

mgm. 

Copper 

mgm. 

Maltose 

mgm. 

Copper 

mgm. 

Maltose 

mgm. 

Copper 

mgm. 

Maltose 

mgm. 

Copper 

mgm. 

10 

11*2 

29 

32*2 

48 

62*8 

67 

73*3 

86 

93-7 

11 

12-3 

30 

33*3 

49 

63*9 

68 

74*3 

87 

94*8 

12 

13*4 

31 

34*4 

50 

55*0 

69 

75*4 

88 

- 95-8 

13 

14*5 

32 

35*5 

61 

56*1 

70 

76-5 

89 

96*9 

14 

15*6 

33 

36-5 

62 

67*1 

71 

77-6 

90 

98-0 

15 

16-7 

34 

37*6 

53 

58*2 

72 

78-6 

! 91 

99-0 

16 

17-8 

35 

38-7 

64 

59*3 

73 

79*7 

' 9 2 

100 1 

17 

18*9 

« 36 

39*8 

65 

60*3 

74 

80-8 

93 

101 -1 

18 

20*0 

37 

40*9 

66 

61*4 

75 

81*8 

94 

102-2 

19 

21*1 

38 

41*9 

' 57 1 

62*5 

76 

82-9 

95 

103*2 

20 

22-2 

’ 39 

43-0 

58 1 

63*5 

77 

84-0 

96 

104-2 

21 ! 

: 23*3 

40 

44*1 

59 

64* 6 

78 

85*1 

97 

105*3 

‘ 22 

' 24*4 

41 

45*2 

60 

65*7 

79 

86*1 

98 

106 3 

23 

25-5 

42 

46*3 

31 

66*8 

80 

87*2 

99 ! 

107*4 

24 

26*6 

43 

47*4 

62 

67-9 

81 

88*3 

100 

108*4 

' 26 

27*7 

44 

48*5 

63 

68*9 

82 

89*4 



.26 

28*9 

45 

■ 49-5 

64 

70-0 

83 

90*4 



27 

30-0 

46 

50*6 

65 

71-1 

84 

91*6 



28 

31-1 

47 

51*7 

66 

1 

72-2 

85 

92*6 




acidity increases, particularly if the flour has a high degree of humidity and is 
kept in damp and insanitary surroundings. The determination of acidity in units 
of pH should be carried out by means of a potentiometric apparatus. 

In the laboratories for chemical tests of flours, the acidity is determined by 
the ordinary methods of titration ; some adopt watery extracts of flour, others use 
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for extraction alcohol at various concentrations. In our laboratory the following 
process is used : 10 grm. of flour are placed in a graduated closely stoppered tube 
containing 100 c.c. of alcohol at 50° (the alcohol should be earefuUy neutralised 
before use) ; the whole is shaken for one hour, filtered and, with 50 c.c. of the 
filtrate, the acidity is determined with a solution of sodium hydrate or potassium 
hydrate Nm. The c.c. of ordinary alkaline solution necessary for neutralising 
100 grm. of flour in the dry state express the degree of acidity. 

((7) Bio-chemical methods 

These methods chiefly refer to the determination of the diastasie strength 

of flours and the fermentation etrength of the yeast. 

Determination of the diastasie strength. — This detenninatidn refers to the acti- 
vity of the amylase, an enzyme which works in the starch and gradually trans-' 
forms it into sugar. 

^e presence of sugar is necessary for the life of the saccharomycetes, thus 
providing the possibihty of obtaining a sufficient amount of carbon dioxide 
basis for obtaining a proper leavening. The production of sugar 
whfle the floui- is m store is not of great importance, but is sufficient for the needs 
of the saccharomycetes. The amylase slowly attacks the crude starch • the 
activity of the enz^es becomes more marked during kneading and fermenta- 
tioiij when the saccharification of the starch is considerable. 

For determining the amylase in cereals the Rumsey method (13) is most 
commonly^ used ; we have preferred to use the official process of the Moscow 

WrmiSTu).'" """" 

t t f 00 c.c., 10 grm. of flour are placed and left in a theimostat 

ll 070 60 C.C. of distiUed water is added at a temperature 

of -7 . The mixture is left to stand for one hour, always at 27°, and is shaken 
everts mmutes. Then 15 c.c. of solution of copper sulphate (60 gm o“ CuSoT 
m im c.c. is added ; 15 c.c. of solution of caustic sodium (12.5 JiT'cJSoH 
m 1000 c.c (15) and the whole is held at a temperature of 45° to 60° for 30 minutes 
It IS then left to cool and brought to volume, filtered through a dry filter and the 
amount of sugar m the ffltrate is calculated according to the Bertrand method 
Th^ diastasie strength m expressed in milligrammes of maltose per 10 grm. of 

For deteraumng the true diastasie strength, it is necessary to have knowledge 
of the sugars akeady present in the flour. This may be ascertained directs 
proeeeffing m above, but taking care that nothing remains in suspension whS 

M ® r ^ thermostat. When very accurate results^re required 
the Moscow Institute proceeds as follows : 10 grm of flour with 20 p nf i. i* 
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10 minutes, the alcohol is evaporated completely, 20 c,c. of distilled water is 
added and the preceding method is followed. The quantity of sugar found that 
corresponds with the sugar present in the flour should he subtracted from the 
first result. 

Is the amylase of great importance as regards baking ? Is there a relation 
between the quantity of amylase and the baking value ? Certainly the amylase 
plays an important part in baking, though this should not be exaggerated. In 
practice, it is found that hard wheat flours — excellent for making pastes, but 
unsuitable for baking have a high diastasic strength superior to that of ordinary 
baking flours. In practice, the diastasic strength of Italian wheats and flours 
has proved to be generally sufficient for baking purposes and in the contrary 
case it would be easy, with the addition of appropriate substances, to obtain as 
much as might be required. It should also be mentioned that, in baking, the 
high temperature causes appreciable quantities of hydro-alcoholic vapours to 
form, which, together with the gases produced by fermentation, exercise an action 
of considerable importance in the phenomena of bread making. 

The above mentioned and similar methods cannot give very reliable results 
inasmuch as the determination is carried out, not with the dough, but with as 
suspension in which the enzymetic action is not comparable as the conditions 
are totally different. 

It should be added that many writers still attribute great importance to the 
quantity of gas developed and determine the activity of the amylase indirectly, 
measuring the quantity of gas which develops in the dough when yeast is added. 
Such testing is very simple : the gas obtained in the dough, containing a given 
quantity of yeast (generally 1 to 2 per cent), is collected by means of ordinary 
volumenometers ; or is determined by means of simple gas registering apparatus 
at constant pressure (16). 

Brabender has constructed an apparatus, called a Fermeiitograph, based 
on the principle of the hydrostatic balance, with which is determined graphically 
the carbon dioxide developed by a given quantity of flour kneaded with yeast 
and salt [Mehlprobleme, 1932, Duisberg], 

Undoubtedly a deficiency of gas — ^whicb ordinarily never occurs — has an 
adverse effect on successful baking ; it is much more important to know the 
quantity of carbon dioxide that remains in the dough than the quantity developed. 
Bailey and Weigley, who in their experiments have used ordinary graduated tubes 
for measuring the volume of the dough, have determined that the dough of strong 
flours lose less carbon dioxide than weak flours and, on the other hand, the more 
carbon dioxide is retained the greater the volume in dough. L. Borasio has 
arrived at the same conclusions in his recent tests (17). In fact, the good quality 
of a flour depends on its capacity to retain the gases of fermentation. - : 
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■ Determinatim of the femmMim strength of yeast— IJ-p to thepresent experi- 
ments hsre been limited to determining tbe fermentation strength by mins 
° method. In this method 40 g. of sucrose are dissolved in water 

and the whole is brought to 400 c.c. ; 50 c.c. of this solution is taken and using 
a small mortar, 10 ^m. of compressed yeast are added. The whole is nut in a 
re^ptacle of 500 c.c. closed with a cork and attached, by a rubber tuL, to a 
volumenometer fuU of water saturated with sodium chloride so as to prevent 
tho absorption of tho carbon dioxide developed . 

_The determination is made in a bainmarie kept at 30° and yeast is considered 

good which develops 260 c.c. of gas in 90 minutes. ^ nmdered 

, Other writers suggest the use of a sugar solution for determining the gas 
developed in the dough obtamed by adding water and given quantities^of yeast 

although the Hayduck method is more generally used. ’ 

(D) Physico-chemical methods 

rnoErt Important phydco-chemicai detorminatioos relate to* til tpe 
oapaatyfor abaorhing water; (2) tie degrto of hydration of the gLten • 3 a' 

degree of extensibility of the gluten. s » (oj the 

^ The capacity of flour to absorb wa;ter depends on its hydrophilous constituents 
and gene^y determined by the baler. It ie advieabfe tdly, to e 

same operator so as to obtain congruent data. ^ ^ 

^ to render this determination more seientifically accurate and less 

subjective, Swanson and Working (18) introduced a method by which thf^aS 

correspond with reahty , to obtain more accurate methods, it is necessarv tn 

employ apparatus designed for this purpose, among which should be named +>, 

” Harinogr.ph - of H„hocny.Brlbit W oS '^fttto 
viscosigrafo , wMch registers graphicaUy the consistency of a dough and there. 

fore, determines the degree of absorption of the flour. ’ 

e -1 types of apparatus which function weU and wiU be des 

»ibed I.tor on, the degree of w«r ataorpiion may be deternZd 
mechanical means (19), The apparatus invented by us called the “ f ^ 
-tore ", oonaisf. of a motor wbich driy« a hnemSg Lttoe 

purpose, by^meara of a couple of cogwheols wito a worm seriw. Tins screw 
which turns on the axle of the motor . in spiral grooves is held in nla ^e j 

spiral spring which function, « a shock abai^Sr i" SiT.Sl J 
wM^tools «. inden needle, varying «em^g to t^p^fS^o^d W 

ji machine, and gives the exact consistency obtained One hun/l a i 

S Tl “f “ 
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r Degree of hydration of the gluten.— Avpin {20} has inti-oduced a process for 
detennming this constant. Tlie extracted gluten is dried by means of an appa- 
ratus mvented by himself and eaUed » L’Essoreuse This consists of two cylin- 
ders of vnleamte. which turn in opposite directions at a distance of 0-4 mm. apart. 
Xhe^gluten, after having been passed through 8 times, is weighed moist and then 
varied at 105° and the difference in weight gives the degree of hydration which is 
caiculated as a percentage. . 

- Detehnimtion of the extensibility of the gluten.-Bexlinex md Koopmann (21) 
■have suggested a method, based on extensibility, for estimaiting the quahty of 
a flour which will now be briefly described : 2-6 grm. of gluten, extracted with 
a solution of NaCl at 2 per cent are divided into 70 small pieces and left for two 
ours and a half in a special patented flask, with 250 c.c. of lactic acid JV/50 at a 
temperature of 27°. After this period the volume is read off directly from the 
neck of the flask. This volume in c.c. is divided by 2-5 and the result obtained 
is caUed. the extensibihty index and varies between 4 and 29. 

Berliner has recently modified his process, working only with 1 grm. of moist 
gluten and 100 c.c. of solution (D. R. P. 626594). 

Apart from the difficulty of this process (due to the fact that it is almost 
impossible to divide the glutefi into so many small pieces of equal weight) the 
met may give data that are fairly in agreement (particularlv within the extreme 
u-n?’ .xJ dis^vantage of limiting the investigation to the exten- 

sibihty of the gluten, an important but not the only factor for estimating the 
ba^ng strength of flour, since, if substitutes are added, it is impossible to indicate 

witli such data the quality of a mixed flour. 

The data which most closely approach true facts, are those obtained by 
mechamcal methods. ^ 

(E) M ecTianical methods 

Mechanical methods may be divided into two categories: (1) methods based 
on exammation of the gluten— (2) methods based on examination of the dough. 

Among the instruments used for investigations of the quaUty of the gluten 
mention should be made of the Bolland apparatus (22), known as the “ Aleuro’ 
meter ” now in use, and the » Gluten Tester ” of Liebermann [1900] ; both very 
mexaet mstruments based on the measurement of the expansion of the gluten 
by means of heat. ® 

Hankoczy Farinometer (1910) 

The Hungarian scientist, Hankoczy (23) was the first, to invent, in 1906 
an apparatus for measuring the elasticity of gluten by means of the action of afr 
pressure, provided by a column of mercury, on a thin layer of that substance. 
Ibis apparatus was afterwards improved and introduced in 1910 for determining 
the physical properties of dough, . ^ 
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^ At the present trae it is preferred to operate on the dough rather than on 
ihe g uten as, in addition to the difficulties of extraction, gluten extract has not 
•the same characteristics as the gluten still contained in the dough, while the 
physical characteristics of dough, though for the most part dependent on the 
gluten, are also dependent on the presence of other component elements (starch, 
sugam dextrin protein, ceUulose, etc.), all of which contributed towaiis the 
suitabihty or otherwise of flour for baking purposes. 

apparatus have been invented, the two most important 
bemg the Chopm Extensimeier » and the Borasio-De Rege “ Pneumod^amo- 



The composition of, the dough, the process of separation the duration of 

with I'wwthWe thTfZX^'c^ 

P = tenacity, calculated by the maximum pressure registered • PQ • 

G = square root of the volume of the bubble at the moment of breaking ; 
W = average working effect divided by the weight of the layer of dougl 

J^hopm writes that, for a flour to satisfy purchasers from the point of view 
of Its plastic quahty, the raising effect W should be as near as possibte to a deter 
mined value corresponding to a given region (quality of the wheat used in that 
Sw” “"w of Mdngemplo,^,,. TI.» fa rad» thi, vail i fitS 

e.s., '“‘O'' * Ifait. 

The apparatus works under pressure and the results are fairly good thoueh 
the speed of the escape of air is ranid and ® 

has characteristies that are not absolutelv e which reason the curve 

made on the basis of the volume of determination, that is 

on the graduated column of the apparatns^’^Z operator 

the rapidity of the test, ^ account of 
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The Pneumodynamometer ” invented by Borasio and De Eege (24) is 

completely automatic and very accurate. 

The outstanding merits differentiating the “Pneumodynamometer” &om 
other similar apparatus, increase its practical and scientific value and depend 
on the fact that, in addition to the advantages and facihty of a specially devised 
automatic device, the quantity of air is kept strictly constant and is not influenced 

by tao different resistances of doughs made of various flours. 

f expresses the force exercised by the air in modifying the form 

T dough and the area, enclosed in the curve, is called the strength 

of the flour. ® 


E 



Fig. 2. Typical graphs obtained by the “ Pneumodynamometer 


_ From the graph traced by the “ Pneumodynamometer ” important mdica- 
tion may be obtained, aUowing the quality of a flour to be estimated most com- 
pletely ( 25). These indications are the following — 

(1) Tenacity, represented by the maximum ordinate of the curve which 

is given by the segment B E, indicating the pressure in mm. of 

mercury. 

(2) Elasticity, volume in c.c. of the bubble at point B. 

(3) Extensibility, volume in c.c. of the bubble at the moment of break- 

ing. 

(4) Ordinate of breaking, represented by the segment D measured in mm. 

of mercury. 

(5) Relation extensibility : Elasticity. 

(6) Strength of the flour, area ABCD in c.c., enclosed by the curve. 

(7) Working effect=extensibilityx flour strength. 

The most important data are extensibility and strength ; it should, however, 
be noted that flours frequently occur with slight resistance capacity and great 
extensibility, or on the other hand, with great resistance capacity, but deficient 
in extensibility. 

The workmg effect, equivalent to the product of strength multiplied by ex- 
tensibility, is in proportion to the modifying effect produced by gases acting on 
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the dough, and meludes these characteristics, so that if one or the other is absent 
or even is no^ very marked, the effect will be nil or slight and in thics +i 
quahty of a flour may be judged. 

values of the index of ivorking effect as a basis, the writers have 
W valuer for tMa tafc, fh™ girl„g a. fo„o„ag cla^iaoSot of 

Inferior 

Mediocre ‘ ' • • 500—1,500 

Good ... • • . 1,600-3,000 

Superior . . • • . 3,000 4,500 

mi, nu • above 4,600 

Q Gho^m apparatus and the Pneumodynamometer register the strent/fb 
employed m dilatation and allow the modifying activitv in X!T i 

orrf^ed. « i, a. SSreTS 

toari ® ” “‘'= phenomena of fe^enta- 

fhe o^^rraL^itronltr. 77 

chemical, bio-ohemica] and phyaico-aenueal which eei^Pfen phenomena. 

Among thoee, one of the most imnorf777 regarding the properties of dough, 
flour. i.e, a knowledge of 7. 77°“T 

strengthen a weak flour This -nmKl ^ I'equired in order to 

and, 5 tor obvious r7„ns^erJ7 ^ 7'“ 

flour exeroi«i in tbs mixture aoc.mt. ‘hat certam components in tbe 

auproximately eorreot and ??? 7° "“S' *"> “ leeet 

percentage required (see L e 777 »"*«““ fer estimating the 

. ' ®°''“°’®‘"*“hnfhri„odigrmio,Vercelb,1934). 

( ) Clio* 6»srf on ,fe meoaaremert o/tie/^ce rejafred/or ineadin, 
ciple are b.s«i the l.^7Trf Fs7 ‘’77 f “■> 

.V.rat™devisXC7ir;7“;“ 

77“SZ.gh™‘t‘tr between 

This apparatus, which works with^riT^I collaboration with Brabender. 

form of a curve tbe nhvsicsT T f^^^^^^'^y^^^ometer, registers under the 
the capacity for wateflZ^H determines 

prelimLry'iest brXj^el “ - cietermined in a 

ing a doughof 

previously established consistency. According to Brabender 
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this determination is carried to a high degree of precision (0* 2 per cent) ; a degree 
of sensitiveness so high actually does not exist. 

Investigations on the baking quality of the flour are carried out on 300 grm. 
of flour at constant consistency, working, according to Hankoczy, for 15 minutes. 
Many factors may be obtained from the graph, though Hankoczy considers two 
only, namely : — 

(1) the duration of rising in the dough, calculated in minutes from the 

beginning of the curve to the moment at which the curve no longer 
ascends ; 

(2) weakening or fall in consistency expressed in cm®, which is determined 

by measuring with a planimetre the area comprised between the 
ordinates corresponding on the one hand to complete rising and 
on the other to the ordinate of the 15th minute of kneading. 

By the use of these methods, Hankoczy suggests a classification based on 
the duration of kneading and the fall in consistency (26). 

Does, however, Hankoczy ’s classification correspond with the baking test 
and is there a relation between the curve obtained and the experimental tests ? 

It cannot be denied that a relation does exist between the course of the curve 
and the baking value; a relation which is sometimes uncertain in respect of 
certain flours and particularly in mixtures containing substances with a high 
power of absorption. 

Hankoczy attributes this to the fact that the dough, while having a satis- 
factory consistency, has not sufficient elasticity and extensibility to retain the 
gases of fermentation and the bread obtained is, therefore, relatively small in 
volume. 

Similar results are obtained with the dynamometer of Feyte and Potel, with 
the “ Elettroviscosigrafo and with the apparatus of Swanson and Working 
(27). The following facts have been determined by means of the first instru- 
ment ; — 

(a) that the effort required in kneading a flour is proportional to the dura- 

tion of the process ; 

(b) that operating under the same conditions as for testing with the Ex- 

tenshneter of Chopin, a proportional relation has been observed 
between W (work) and the force required for kneading. 

Using the Elettroviscosigrafo ”, which the writer has devised for measur- 
ing the output of effort in kneading by means of a registering wattmeter, it has 
been possible to determine : — 

( 1) that the absorption of force varies according to the flours ; 

(2) that there is no relation between this force and the baking value, as 

the relation between the baking value, and the curves traced at 
equal consistencies is not invariable ; 
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{ 3) that the absorption capacity is not a function of the baking quality ; 

(4) that as colloidal substances are involved, many factors have a consider- 
able influence on the behaviour of the curves, such as the type of 
kneader em|)loyed, its speed, the temperature, the chemical subs- 
tances added, etc. 

Ail these instruments are based on the principle of the degree of working 
under pressure. In our opinion, this working is not quite comparable to that 
which the dough undergoes during fermentation and baking. In fact, it is true 
that in mixtures containing substances with a high capacity for absorption (rice, 
facula, carob, clay, gesso, etc.), the working under pressure and the consistency 
of the paste increase considerably and register excellent curves from every point 
of view, but the practical results are not satisfactory, as they do not correspond 
to the baking tests. 
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(1) In order to facilitate the colour test special apparatus with photo-electric 
cells have recently been introduced which determine the light reflected by the flour. 
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in the latter the clarification is carried out with the aid of 3 c,c. of solution of sodium 
tungstate at 15 per cent and 5 drops of solution of Thymol blue at 0 * 04 per cent, sul- 
phuric acid being then aided drop by drop until a rose colour is obtained. The acidity 
of the solution may be caused by the inversion of small quantities of the sucrose 
present in the flour, which brings about an increase in the maltose content. For 
this reason the Bussian method, which works under alkaline conditions, gives more 
precise data. 

(15) Clarification may also be carxded out using 15 to 20 c.c> of solution of zinc 
sulphate at 4 ■ 5 per cent, solution of sodium hydroxide at 4 per cent, the whole being 
lieated at 45° to 50° for 30 minutes. 

(16) Maekely and Bailey, An automatic method for measuring gas produc- 
tion and expansion in doughs, — Cet'cal Chemistry, 1932, 9. 

Boy Ievin, An improved apparatus for measuring gas production and expansion 
in doughs. — Ibidem, 1935, 2. 

(17) In order to obtain data which correspond more closely with reality, 
Boeasio carried out fermentation tests operating on small loaves of 100 grm. of 
flour which were left to ferment freely without any external influence so as to ascertain 
their true capacity for expansion and growth. The flour was kneaded with 2 per cent 
of ordinary compressed yeast of regular consistency ; the volume of the loaf before 
fermentation is carried out in a graduated tube with the addition of water ; the quan- 
tity of gas developed is determined with ordinary volumenometers ; the volume 
reached by the loaf is measured approximately with volumenometers which function 
with the displacement of liquid. The baking ovens are kept at 30°. (See L. Bobasio 
Studi sullefarine di grano,YBXQ%Vd, 

(18) Swanson and Woeking, in Cereal Chemistry, 1933, 10. 

(19) See for the apparatus invented by these writers. Ibidem, 1933, 10. 

(20) Aepin, Fanned, /ecwfes amidona, Paris, 1913. 

(21) Beblinee and Koopmann, in Zeitsdhriftfnr das gesamte Muhlewesen, 1929. 

(22) Boland, in Revue des Services de V Intendance, Baris, 1888. 

(23) BIankoczy, in Molnarok Lapja, Budapest,. 1905. 

(24) Boeasio, L. and Be Bege, F., in Giornale di Eisicoltura, Vercelli, 1932 
et 1933. 

(25) Id., Id., Istruzioni 'per Vimpiego dell ’ appareccJiio, YerceWi, 1934. 

(26) Scale showing the numerical values of the curves, as adoped by Hankoczy — 


Length of kneading 
process 

Points 

Fall in consistency 


Points 

10 minutes 

• 100 

0 cm^ 

• 

100 

1 minute 

1 

60 cm® 

• 

0 
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The two points, found for every flour, are added together, divided by 2 and tne 
result gives the numerical value. Hankoczy, for studying exhaustively the proper- 
ties of a flour, determined with the Parinograph the consistency of a dough contain- 
ing salt and yeast in given percentages and kneading took place alternating with 
penods of fermentation. The curve obtained was compared with that of the develop, 
ment of the CO 2 obtained with the Permentograph. According to the writer the date 
obtained with the Parinograph are thus integrated and more accurate results are 
obtained. (See MehlprohUme, 1932, Duisburg). 

t.- u f^f^so^-WoRKiNG apparatus is merely a small standard kneader to 

whwh IS attached a registermg wattmeter or a dynamometer apparatus. The investi- 
gations on the determination of the degree of water absorption have given satisfactory 
results particularly with the completely mechanical apparatus. 





PLATE LXIV 


ABSTRACT 


^ S' diflEerent lengths of fibres from seed cotton- Homeb 

0. McNamara and Egbert T. Stutts {Urtited States Department of Agricul- 
ture Circular No. 360, August 1936). 

rWith Plates LXIV & LXVJ 
Summary 

A simple device for determining the variation in fibre-length on a single seed 
of cotton would greatly help the cotton breeder as it would enable him to evolve strains 

possess greater imiformity in length. 

The device (Plates LXIV &LXV) described in this circular consists of a set of 

brass combs each * m. or i in. thick mounted side by side on two guide rods, which 
curve dow to the base plate. The combs are held in position by a screw by turning 
which each comb .s successively released and ghdes down the guide rods on L ba^ 
A metallic bar tnth an adjustable spring tension serves to hold the combed seed in a 
cavrty provided for it behind the combs. The authors recommend combs having 24 
teeth to an mch, each tooth being in. in diameter as being the most suitfble. 

In perform^mg a test, the seed is combed into a “ butterfly ” taking good care to 
remove or break as few flbres as possible in the combing process. The combed seed 
IS pkeed m the cavity provided for it in such a manner that the fibres on one side lie 

at right angles to the combs. These flbres are pressed down with the wire depreior 

^d the seed IS held in position by the tension bar. A few combs are released until 
the ends of the longest fibres just project beyond the combs. These are gripped with 
a tweezer, pulled out and laid on a velvet plush. Another comb is releiefand tZ 
opjation IS contmued until aU the fibres on one side of the seed are extracted aS 
laid on the plush. Tins wiU enable the worker either to form the complete array or 
to estimate the percentage of fibres above a certain length. , 

Details of some experiments conducted for the purpose of determining the most 
suitable size and spacing of the teeth of the comb are given with photographs. 

The authors found that the amount of hairs removed during the preliminary 
oombmg process depended upon the tester and showed a tendency to increase with 
the longer staple. Further, the combed hairs contain flbres of aU lengths borne on 
the seed, but among these there is an excess of shorter fibres. 

The cMef sources of error discussed are (1) while the fibres are assumed to be 
ahgned at the basal end, they are actuaUy distributed over the curved surface of the 
seed i oon^(piently the base of each group length extracted will be uneven, (2) there 
will be a shght curlmg of the fibre ends when gripped by the forceps. 

A transpMent sheet of ceUuloid with a series of horizontal lines one-sixteenth of 
an mch apart from a common base line serves to measure the individual group length 

( 1153 ) 
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^ Vmfonmty m fibre-iength is a valuable asset and any simple device which would 
help the cotton breeder to choose a more uniform variety should be welcome, 

— In the present case, in addition to the source of error discussed by the authors 
there IS one which has apparently been overlooked by them. If the cotton fibre is 
nipped at the ends and stretched, in most cases it will break at or near the apical end 
where the fibre tapers and is consequently weak. In an investigation* carried out 
at this La,boratory it was found that nearly 80 per cent of the fibres broke near the 
apical end. In view of this the usual practice in removing fibres from the seed is to 
grip ihem as near the seed-surface as possible. In the method under review, after 
the seed is placed behmd the combs the fibres are nipped in the tweezer at their apical 
end and pulled. It is highly probable that in this process some of the fibres will break 
and consequently the array obtained will not be truly representative. It would have 
been highly useful ij the authors had given comparative results for the same cottons 
as arrayed by the present method and by an older method. 

In this connection it should be noted that the number of hairs winch might break 
on pullmg near the apical ends will vary with the variety, as it will depend upon the 
tenacity with which the fibres are held by the seed. Hence, this error wfil be vLiable 
and not constant, for tlie different varieties. * 

authors state that in the combing waste there was an excess of shorter fibres 
resulting m lowermg the mean fibre-length of this waste. In the experiment per’ 
formed at this Laboratory to which a reference has been made above, no such effect 
w» observed. This lack of agreement may either be due to the peculiarity of the 

the Xer The “ the amount of force applied in disentangling 

^ 1 ! If e^PJ^uation is more likely as the authors removed from 12-8 

the e P, ^ hbres in the combing process as against 7 per cent to 17 per cent in 

the experiments performed at this Laboratory. per cent m 

I, •'i" ‘■wing to tho vm»tion from ,o Md 

»„p“ 





REVIEW 


PlaatBraelingAWtiracIs Supplement II j Summary ol Reports feceiirei 
from sfations in the British Empire^ 1932^35. [Compiled by the Imperial 
Bureau of Plant Genetics (for Crops other than Herbage), School of Agricul- 
ture, Cambridge.] 63 pp. Price 5s* 

This Supplement to Plant Breeding Abstracts which has been compiled from 
the annual reports received at the Imperial Bureau of Plant Genetics, Cambridge, 
is intended to give a concise account of the work on plant breeding and related 
topics in the British Empire during 1932-36 and one which will be at the same time 
in a convenient form for reference. The amount and range of plant breeding work 
in the British Empire is of course enormous and the publication has involved the 
scrutiny of over 400 reports. 

Much of the work referred to is only available in annual reports, being more or 
less of a routine nature, and but for the activity of the Imperial Bureau of Plant 
Genetics would have remained inaccessible to the general reader. Another valuable 
feature of the Supplement is that many of the items included concern work which 
though likely to be published in the future has not yet reached that stage. 

The crops dealt with cover practically the whole range of economic plants with 
the exception of herbage plants and the work reported includes breeding, genetics 
and cytology. There is also a section on the genetics of plant parasites. 

The Supplement is very comprehensive and is planned in such a way that 
the work on a given crop in a given country can be turned up at once ; an 
extensive index is also provided. 

Reviews of this kind are invaluable to practical breeders in giving a survey of 
the work in progress in the whole field of plant breeding and should be read with 
interest also by all those interested in modern genetics and its application to 
agricultural plants. 

A similar supplement is in process of compilation from the reports received 
from foreign stations. 
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RECENT PUBLICATIONS OE THE IMPERIAt 

agricultural bureaux 

MENTAL Station, Habpbnden, Hebts D i-xPEEi- 

{All Publication are cent post free from the Imperial Bureau of Soil Science 


P'ti^itoations relating to Soils and Fertilizers 

Monthly Hsts, with brief abstracts of all current naners onH r,„ r , . 

rx:? 

Price 10.. per annum, post-free. Separate copies, eaeh . 

2, Monthly Letters 

-paxately, a charge of 4.. p.l^^r'is mSf 
Separate copies, each 

* * • • . . 

3. PuUioaMons on Soil Sdernce issued from the Empire Overseas 
Bibliographical Usts, 1933, 1934, each 


d. Beeent Developments in Soil A-nalyais 


^ 

»?=:S3^£.-5=r„”s isi-.'s 

* ■ * ■ * ■ ■ # ■ . , 


Price 


Us 


6d, 


ISs 


Od, 


5. Lists of Reprints available on loan 

No. 1 . 

Subsequent issues, each 


Urn Qds 
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6, Technical Gommunicationa 

Price 

Tlie Determination of exchangeable basis in soil. Technical Commtinica- 
tion No. 30, 1934 . . , ' '2s,. 

Soil deficiencies and plant diseases. Technical Commimication No. 31, 

1934 , ■ . . . ■ 28, 

7, Miscellaneous Paper 

Seventh Annual Report of the Imperial Bureau of Soil Science for the 
year ending March 31st, 1936 

Summary of recent Reports, July, 1936 . , ... 

Soil Research in the British Empire published during 1935 ... 

Bibliography of Soil Science, fertilizers and general agronomy 1931-34. 
Explanatory preface and list of classification numbers . , . • 

II. Obtainable peom the Impeeiai. Bureau op Plant Genetics (pob Oeofs other 

THAN Herbage), Plant Breeding Institute, School op Ageioulturb, 
Cambridge . 

Journal 

Plant Breeding Abstracts, Annual subscription . . . . • 15^. 

III. Obtainable PROM THE Imperial Bureau OP Plant Genetics (Herbage Plants) » 
Welsh Plant Breeding Station, Agricultural Buildings, Alexandra 
Road, Aberystwyth, Wales 

1. Herbage Abstracts, which appears quarterly, deals with literature from 
all parts of the world on grassland and forage crop research and practice. 

An effort is made to reduce the interval between the appearance of a paper 
and of its abstract to a minimum. 

2. Herbage Reviews represents the only Journal published in English 
which deals exclusively with grassland and forage crops. Contributions 
and correspondence are welcomed from all investigators on this subject, 
with the reservation ihat it is to be understood that no scientific paper repre- 
senting the results of original (not yet published) research can be considered 

for publication. i - 

Inclusive annual subscription . . . 15'^. ‘ 

Single numbers . . . . . . . . . 

IV. Obtainable prom the Imperial Bureau op Fruit Production East 
Malling Research Station, East Malling, Kent 

Journal 

Horticultural Abstracts . — ^A quarterly abstract publication of current 
horticultural literature. Vol. IV. 

Annual subscription . . ..... , , . 15s. 

Single copy ® . ' . . . .■ • . . . ' . 
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The nutntion and manuring of soft fruits, 1936. D. T. Wallace .* ' o*" 


Helminihologioal Abstracts 


incorporated abstoe^te! ™ trld^ by ; applied 

helminthology. ^ t^ureau, of ongmal papers on 

Subscription price for Vol. Ill (1934), post-free 

• • t , 

N otes and MeTnoranda 

Beoent developments in the control of He^eroc?emmanom, Ko. 11, 1936 

Odi&r Publications 

nematodes^^^T? Good^t lesions caused by parasitic 

and control? a parasitic nematodes on their treatment 


30^. net 

1^. 

5s, 
2a, 


Road, EmNstmoH ^ iJ-omBDEGH, Ejng s Buildings, West Mains 

Journal 

Apn, im. 

'*'*•••. 16«, 

VJI. Obtainable beom the Thpebtal Bueeau of Animat TT.. 

h™ H.W, J”™"" 


Abstracting Journal 

The Veterimry Btdletm : Annual subscription 

In>dexing Publication 


40^, 
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VIII. Obtaihable fkom the Imperial Bueeatt op Akemal Nutritiok, Rowett 
Research iNSTnuTE, BTrcKSBUBN-, Abebdeeh 


Journal 


Price 


Nutrition Abstracts and Reviews : — ^Issued under the direction of the 
Imperial Agricultural Bureau Council, the Medical Research Council and 
the Reid Library. 

Subscription per Volume of 4 numbers . . , , , , 21s, 

Per single number . , . , . . , , , .6^. €d. 


IX. Publications issued by the Imperial Institute of Entomology, 41 , Queen's 

Gate, London, S. W. T 


Bulletin of Entomological Research . — Published quarterly and containing 
original articles on Economic Entomology. Issued post-free. 

^'Annual subscription (payable in advance) 30^, 


Review of Applied Entomology* — ^Consisting of abstracts or reviews of 
all current literature on Economic Entomology throughout the world. 

Published monthly in two series. Series * A * dealing with Insect and 
other Arthropod pests of cultivated plants, forest trees and stored products 
of animal and vegetable origin, Series ‘ B ' dealing with insects, ticks, Series 
etc., conveying disease or otherwise injurious to man and animals. 

Issued post-free ‘A**B* 

Aimual subscription (payable in advance) . . . . , . 30^. 15^, 

Vol. XXII (1934) . . . . . . . , .24^. 12^. 

Zoological Record — Part Insecta, — ^Published annually about July in 
each year and containing as complete a record as possible of the literature 
of the previous year, chiefly from the systematic standpoint. 

Annualsubsoription (including postage) . . . . , ^ 


X. Publioations obtainable from the Imperial Mycologioal Institute, Kew 

Surrey ^ 


Journal 


Review of Applied lf2/C5o%y.-— Annual subscription, 12 monthly parts, 
with title page and index (post-free) , . . 

Single part . . . . . . 

Title page and index . . # . . . . . . 

Report of the Fourth Imperial Entomological Conference 19th-27th 
September, 1935 . , , . , . , * ♦ . 


2Ia. 

35 . 

45 . 


1. Agrieolture and Live-stock in India 

A K- u, 0* Agrienltnral Science 

d.™Mr£pS,i£?“o'f 

(Esfcafahshod 1931. Published in Februarv research and field experiment^ 

Prepayable subscription Es. 15 or hI June, August, October and December. 

part Ks. 3 or 5s. 3d. inclusive of Indfa™? “ P°®t.age. Price per 

available. postage.) Volumes I to V complete are 

8. Journal of Veterinary Science and Animal Husbandry 

nutritioTTnd LfeXToni4^®toc^^ relating to the health, 

September and Decemger. Pretavagle Published in March, Junl 

postap. Price per part Rs. 2 ot is 6d Ssivl ef^T “‘^^“®rve of Indian 
complete are available. ‘ “rch-sive of Indian postage.) Volumes I to V 

11040-^'“°““ tte toperM OoM of topical Ee.,p,ch 

NO. 1. The Fungi of :fodia. By E. J. Butler, C.I.E., D.Sc M B 

NCAO-SM/P I,,. 2. Mi^lppidop..™, ■ 

<^^rophoridae, Tortricina and oShiadaeV 

:^CAG-SM/3 Mo 3 Thfo 

•' M/4 No. 4. Lire.hi,t„ic of Indian Micolopidoptota , Connontomida. 

F°Es%®z|'^f®AB^'^-®^^^riggeFletche R,N.,FL.S., 

NCAG-SM/5 No.5.TheB:mba"tir^^^^^ 

^TCAG-SM/6 m "" 

/ No. 6. Hgmma Parasites of the Domesticated Animals in India 
NCAO-^SM/7 No 7 InflJenee^'f^^ '^-12-0 or 13s. 3d. 

By W. McRae, M.A., D.Sc.(EdM.), F L S S F f i? *1^®’ 

.1 . . . 
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NCAG — SM/8 , 8. The Silk iadusfcry of Japan with Notes -on -Ohservations in the 

United States of America, England, France and Italy, 
By a C. Ghose, B.A., F.E.S. (1933)* Price Es. 4 or 
6s. 9d. (As. 7). 

NCAG — SM/9 No. 9. Mec,lianieal Cultivation in Eidia. A History of the Large 

Scale Experiments carried out by Burniah -Shell Oil 
Storage and Distributing Company of India, Ltd., By 
C. P. G. Wade. Price Es. 3-14-0 or 6s. 6d. 

NCAG — SM/10 No. 10. Spotted Boll-worms of Cotton (Manas fabia Stoll said Marias' 

insulana Bold.) in South Gujarat, (Final report on in- 
vestigations financed by the Indain Centrai Cotton Com- 
mittee, 1923-1931), By B. P, Deshpande, M.Ag, and N. T. 
Nandkamy, B. Ag. Price Es. 5-14 or 9^. 6d. 


B. Miscellaneous Bulletins of the Imperial Council of Agricultural Eesearch 

NCAG — Mld/l No. 1. List of Publications on Lidian Entomology (1930), Compiled 

by the Imperial Entomologist, Pusa. Price As. 14 or Is. 6d. 
NCAG — MB/2 No. 2. List of Publications on Indian Entomology (1931), Compiled 

by the Imperial Entomologist, Pusa. Price As. 8 or lOd. 


NCAG— MB/3 
NCAG— MB/4 

NCAG— MB/5 

NCAG— MB/6 


No. 3. List of Publications on Indian Entomology (1932), Compiled 
by the Imperial Entomologist, Pusa. Price As. 12 or Is. 3d. 

No. 4. Host Plant Index of Indo -Ceylonese Coecidae, By S. Rama- 
chandra, L.Ag. and T. V. Eamala’isbna Ayj^ar, B.A., 
Ph.D., F.Z.S. Price Ee. 1-10 or 2s. 9d. 

No. 5. List of Publications on Indian Entomology (1933), Compiled 
by the OMciating Imperial Entomologist, Pusa. Price 
As. 9 or Is. 

No. 6. Bee-keeping, By. C. C. Ghosh, B.A., F.E.S. (3rd Edition.) 
Price Es. 1-14 or 3s. 3d* 


NCAG — M.B/7 No. 7, List of Publications on Indian Entomology (1934), Com- 

piled by the Officiating Imperial Entomologist and the 
Imperial Entomologist, Pusa. Price Es. l-2^or 2s. 
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NCAG— MB/13 
NCAG— MB/14 


No. 8. Selected Clinical Articles, by M. G. E. Sharma, G.P.V.C. 
and E. L. Kaura, B.V.So., M.E.C.V.S. Price As. 8 or lOd. 

No. 9. Statistical Methods and their Application to Agronomy. 

A Bibliography, By K. it. GuhaEoy, B. A. Price Es. 2-2 
or 45. 

No. 10. Diseases of Sugarcane and Methods for their Control, By 
L. S. Subramaniam, Price Es. 1-14 or 3s. 3d. 

No. 11. Tables of Standard Errors of Mendelien Eafcios, By 
Swam Singh Purewal, and P. Krishna Rao. Price As. 12. or 
Is. 3d. 

No. 12. List of Publications on the Botany of Indian Crops, Part II 
for the period 1928-32, By E. D. Bose. (In the 
Press.) 

No. 13. Two New Statistical Tables based upon Fisher’s ‘ t \ 
By N. Vaidyanathan. Price As. 6 or 8d. 

No. 14. List of Publications on Eidian Entomology Compiled by 
the Imperial Entomologist. (In the Press.) 
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8. AnnuaJ Reports o! the Imperial Council of Agricultural Research 


NCAG— AR/31 

NCAG— AB/32 
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Annual Report of the Imperial Council of 
for the years 1929-30 and 1930-31, 
(Anna 1.) 


Agricultural Research 
Price As. 12 or Is. 3d. 


Annual Report of the Imperial Council of Agricultural Research 
for the year 1931-32. Price As. 6 or 8d. (As. 2.) 

Annual Report of the Imperial Council of Agricultural Research 
for the year 1932-33, Price As. 6 or 8d. 


Annual Report of the Imperial Council of Agricultural Research, 
for the year 1933-34. Price As. 6 or 8d. cn 

Annual Report of the Imperial CounoU of Agricultural Research 
for the year 1934-35. Price As. 6 or Sd. 


7 . Review of Agricultural Operations in inais 

NCAG— R. 1/29 Review of Agricultural Operations in India, 1928-29. Price TJ<a q o 

or 6s. 6d. (As. 8.), . i^ncetis. 3-2 

NCAG— R. 1/31 Review of Agricultural Operations in India, 1929-31. Price 

Rs. 6 or 8s. 3d. (As. 10.) 

NCAG— R. 1/32 Review rfAgrm^tural Operations in India, 1931-33, Price Rs. 6-12 
NCAG— R. 1/33 Review of Agricultural Operations in India, 1933-35. (In the, 


8. Proee edings of the Board of Agriculture and Animal Husbandry 

NCAG-P. 1 Proceeding of Animal Husbandry Wing of 

the Board of Agriculture and Animal Husband^ held at 
New Delhi from 20th to 23rd Pebr^i; S3rwi£ 
Appendices, Price Rs. 6-14-0 or 9s. 6d. 

Proceedings of the First Meeting of the Crops and Soils Wing of 
the BoMd of ^culture and Animal Husbandry in fedL 
held at Delhi from 26th February to 2nd March 1935 
with Appendices. Price Rs. 6 or 9s. 9d 


NCAR— P, 2 


A. Description of the Imperial Institute of Veterinary Research TVr„lH-.,=o,. o ■. 

T1i6 Production of Cigaretto Tobacco bv Pluc-eiirincr T^Tr Tn t tp oi. 


[Copies of the above publications can be had from :— 

The Manager of Publications. CSvfl Lines, Delhi, India 

GIPD— S3— 201 IC of AE— 2-11-36-800. 
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The Indian Journal of Agricultural Science, Vol. VI, Part II. April 1936. 


Page 189, line 10 from bottom, for ‘Local’ read ‘Locust*. 
gregarla\ ‘ ^<^^i^iocerca Gregaria' read ‘ ScMstocerca 

Page 195,‘heading of Table IV, for ‘28-82 C’ read ‘28-32° G’. 

Page 196, line 3, for ‘rythm’ read ‘rhythm’. 

Page 207, line 4, for ‘sandy-loan’ read ‘sandy-loam’. 

Page 218, line 3 from bottom, for ‘eigh thours’ read ‘eight hours’. 

. 3 from bottom, for ‘It is implied’ read ‘It is not 

implied . 



ORIGINAL ARTICLES 


AGRICULTURAL METEOROLOGY 

SOIL-MOISTUEE IN RELATION TO MOISTURE IN THE 
SURFACE LAYERS OF THE ATMOSPHERE DURING THE CLEAR 

SEASON AT POONA 

BY 

• L. A. RAMDAS, M.A;, PI 1 .D., 

AgricvMural Meteorologist, Meteorological Office, Pocma 

■ ASTD 

M. S. KATTI, B.So., 
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^ In a preYious communication* [Ramdas and Katti, 1934, i] the phenomenon 
of the evaporation of moisture from a soil surface containing only ^hygroscopic 
water and the reverse phenomenon during night, the absorption ofmoistL 
from the air layers near the ground by the desiccated soH surfacl were show! to 
exert a controlling mfluence on the distribution of moisture with height in the 4: 

Ifr contents of the soil surface and of the 

air at different levels above ground it was found that, during the “ evflTvir.=« 

Tm^ th'^'^b of water vapour decreased with height, whereas^ 

haglt. lo tt. pretam.,,y rt„d.« which him been dicowaed in tie .bo™ ™ 
ihe observations were taken only twice daily with the local soil «is of ^ 

^datfsn^t. Withaviewtost^iythedinLl variati ^ 

two-hourly; measurements were made with representative soils from different parte 
^ the country, the soils being exposed under identical conditions in the Aoricultural 
Meteorological Observatory at Poona. Such measurements were conducSd dS 
the summer of 1934 as well as during the winter of 1935 Eft,,-,!,., ducted durmg 

ments of the moistnr, content of the snrfa^ 1^™ of ft. so^ 1 w' ""T; 
to ^cnl^ llnteo.ologi«.I Obse^atoiy ^rc ato 

m«t. on to absorptio. of teoistnr, by dry soil, and tecasn^Z’oftZ; 
e p ysieal properties of typical soils were also made in the laboratory abouf 

kept in to fo».w“LSo ‘'“th“t 


Katti, M. s., Indian JoufrJ1>f 1m L. A. a 

( 1163 ) 


1164 


INDIAN JODKNAL OF AGEIODLTDEAL SCIENCE 


[VI, VI 


oection 1 


Expeements on the evapoeation and absoeptton of watbe VAPOXm BY 

biffbkent soils 

1. Two-hmrly observation of the moisture cordents of a few soih during the summer 
of 1934 (23rd May to 2nd June 1934) 

Mteyeahsmg from the preliminary experiments discussed in paper 1 that the 
“ mterestmg line of work, steps were taken (1) to pursue work 
tjpes of soih «.d ,2) to co,n:..«.„ observations LletfZi Sv 
SO as to study the diurnal variation in the moisture contents in greater detail 
AMough the sea^n was weD advanced and the simple climate of wSer had“ 
place to one of the sea-breeze type, there was a speU of clear weather and it was 
considered worth while to start comparative observations in order to see how 
under similar meteorological conditions, soils differed from one another. 

wifi,?'' observations were begun at the Agricultural Meteorological Observatorv 
With Poona black cotton soil at 0600 hrs on the j-i, ^ 

of a.e 2b«., sa„p,» soU stj) 

of the let June 19M, s^phs of quarts pirvder. IrDwirTeht: 
md ^ latent, were also ineluded. The two-hourly observation, on the toil 

*e» eontmued up to 0600 hrs. on the 2nd June after which thev wt» 
discontmued owmg to the onset of cloudy weather. 

Duimg the above period (23rd May to 2nd June) the skies were clear but the 
ample olunate of wmtet had Ranged to one of the “ attomoon sea-breeso ” type 
(partly damg calm weather in winter, the air sample over Poona does^ot 
^.nge mataally during the day or, often, during a seri;, of days. tL 
toe ^ durmg such days cause miring of the air layers in the ™rtlo»l dit^Itn 
In Pehmay „d later months of the clear season the westerly sea-breertota 
to amve at Poona about sunset. The time of arrival be« earlin toe 
adv„<«. This breese which replace, the land air ha, a S^mlt™ 
ntent. pie sea-breeze penetrates inland slowly, dies down by midnivht and 
kto ^.ins stag^t over toe country until, after sun-rise on toe nest morlC 
toe drumal ijnvection sete in and mires up the shallow Uyer otm^t^rrSf’ 
reservoir of dry air at the higher levels 'nnnirary + 1 . ^ 

portions of the clear season the vntio ^ sea-breeze and toe sea-breeze 

night and dmneaee. trito «» 


Tabm I 
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The soil samples, weighing about fifty grammes eanh j • 

smaU aiuminium vessels having a omaa-seotionof m L rT “ 

srob“er:2r 

(c) wmd speeds at 1| ft. and 6 ft., 

{d) .soil temperature at the surface of the soil, and 

““ - 

actol ti«”S obsarotions against the 

v*.a. Table 1 give, thLean oTiTT f 

period 23rd to the 31st May 1934) and tho^Sat 

25th to the 31st May 19.34). The hour! wa • +• ®o^Mmean for the period 

agree very closely and the figures in the tabk ^rTth dupKcate samples 

duplicate samples. The mefn ho^ datl 

are also given in Table I : ^ owing meteorological factors 

(i) soil-surface temperature in °Q 

(w) air temperature at 0-3' above" the ground 

(m) air temperature at 1 ft. above the ground ’ 

(w) iihe percentage humidity at 0*3 in and 

in mm. of Hg. of the air at 

(v) the velocity of wind at 1 ft 6 in h ground, and 

The bonTi / J ™ 1 6 m. above the ground (in miles per hour). 

d.a«„n b. "e.t!e:rrzt:nrr; f 

and given in Table VII of paper 1 Tf rv, , ®rmnse and; at sunset 

minimvm moisture content about the enocTo/ 

mcoAmvm moisture content at the epoch of mi • temperature and their 

are easier to visuahse when reZS 1 

of maximum air temperature, minimum 

(humidity per cent) and minimum water vanm f 

^maximum water vapour content during dafsZno T 

January, when we deal with the same akaallh!) December, 

tune as the epoch of mimmum moistureZfrI P"^®*i«aUy at the same 

months with no sea-breeze the maximum wi ^ *^® samples. During 

about the same time. . ^ velocity would also have occurred 
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tl. epoci of 

v.po„r. A, atoady poi„t.d ^ ^ ^ 

a »«aP» ™t^ ™p„„ « ehaa a.ia„„ ‘™ 

. «at paaotod b, tte d.foobaaoo da, fo ^.-baeoae d„Pb.g tb. ^ 
B«s.gp,fi.apta.Ubo,^ti^<„ ”«tl.„^t. 

t.» ..^fiop Of fbe ab _ 2T “ " ''■“' ^“‘ 

<"'« «'-7 ftUo™ .be al«.rde“!fTr.““d‘'°”“ 
■MBmm valao „h«, ,t, over.b<«d). * 

^’'“‘“‘“■■■“«»<^*f«»-bJcb,nay be observed p,,., e ,, 

“I ™™‘“’'‘ <’' i» Peon, eoi, i, .bap f„„ . ®°" 

®'“®*”<l[«««dae.pdKa6«,,934., Th « ' ‘1““ of tbe soil 

“ aoU ^ dia JZanbfta 

“ “" ”“‘ <‘y tie obsemaeae Meorded b, T ^ »^I«>otoaon 

m .0 06«, b.. op« '^34 ,0600 baa, „f ... 

a.e oleae Oetober 1934 to Miy ,935 r, ° 

tt«da>iet„„<»afe..„„f^jj^ ' “ toarly variatioa of 

-toWt. and a apppie ^ “» S^P-d, a ....ple „f «, 

variafta of w^gb. ^ otber^" I”" 

yr «,gbto. Tbe ^aabaaa. ..igb. .fa.. “ 

"" <» 0.-00. aad toe atob„a„ ^^2 .TT “* 

— eoatoa. . pdai^a. aoe b. Tab, „ 
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Time in hours. 

Hourly variation of moisture-content of five different soils (0600 hours of 1st June 
1954 to 0600 hours of 2nd June 1934). 
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Table II 

Kame of soil 

1 Maxirnmn 
weight 
(morning) 
grms. 

T—~~~ 
1 Minimum 
weight 
(afternoon) 
grms. 

Biumal range 
of moisture 
content 
grms. 

Quartz powder 

Sakrand soil . 

Bed laterite . 

Pwna soil (black cotton) ' ' 

Xinarwar (brown schist) 

■ - 

60-610 

60- 575 

61 -080 

61 -400 

61 - 450 

60-610 

60 - 160 
59-390 
69-350 
59-220 

0-000 

0- 415 

1- 690 

2- 050 

2-230 


Sr^**' ‘Wi*' *^"ZtZZtT 

m g.™ tte p«(.^ 




AG.UlCtJLTUBAL m:^1®0E0L0GY 


SHOLAPUR 

POONk 


HAGARI 


PAHGW 


aHELUM 


On this day there were traces of clouds in the afternoon which decreased 
rapidly towards the evening, the night being practically clear. The hourly march 
of soil temperature, air temperature, humidity percentage, pressure of water 
vapour, wind and cloudiness are shown in Fig. 4. Apart from the slight cloudiness 
in the afternoon the day was one of the winter type without any sea-breeze. The 
stratification of the air layers at night (coldest air being a few inches above the 
ground and then temperature increasing with height) was undisturbed. The 
reversal of the vapour pressure gradient may be seen in Fig. 4. The nocturnal 
desiccating influence of the soil on the air layers near it is also clearly seen. 
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Temperature in °0. of soil surface 
and of air at 0-3" and 1' above 
surface. 


Humidity percentage at 0-3" above 
ground. 


Vapour pressure (mm. of Hg ) 
near surface of ground and at 6 ft. 
above ground. 


Wind velocity m.p.h. 


Duration of clear skies. If sun- 
shine recorder shows clear skies 
during the whole of an hour the 
v^ue is 1-0, if cloudy the value is 


0600 cn 22-1-I835.T0 0600 0?^ Z3~S-B35. 



■ _ , . nours. 

ig. . Jhlourly variation of meteoroloeical faeior«i /nfinn t, u nn -• 

0600 hours of 23 rd January January 1933 to 





Tabm \Y—contd. 
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We may now combme the results of Tables I and IV and calculate the mois- 
ture variation index of different types of soils (diurnal range of moisture content 
exprespd as a ratio of the diurnal range of the Poona soil). The values of this 
coefficient are given m Table V for all the soils which have been experimented ivith 


Table V 


Name of soil 


P oona black cotton soil 
Dbarwar black cotton soil 
Sholapur black soil 
Hagari 
Bed laterite 
Ranchi 
Jhelum 
Bangalore 
Pusa (alluvial) . 

Lyallpur (alluvial) 
Sakrand (alluvial) 

Quartz powder . 


Moisture varia* 
tion index 
(Poona=l) 


00 

10 

04 


0*86 

0-81 

0*65 

0-44 

0-29 

0*20 

0*21 

0-19 

0-00 


The above table shows that the black cotton soils undergo the maximum 
ffiurnal variation of moisture content owing to the loss of water by evaporation 
durmg the day and gain by absorption from the air during the night. The brown 
and red soils come^next. The aUuvial soils from the Indo-Gangetic as weU as the 
Smd areas show a dimnal variation which is only a fifth of that of the black cotton 
soils. The sample of quartz powder comes at the bottom of the list with no varia- 
■ion. It IS indeed remarkable that soils from places at large distances apart show 

K^ti' w'' Ti 'n® “ "^^7 to the same soil group [Ramdas and 

Ratti, 1935,1]. We shall discuss this point at greater length in a later section. 

3. Diurnal range of the moisture conteni. of Poona soil as estimated from actual samples 
taken daily from the soil surface during the period 
22nd January 1935 to 5th March 1935 

The hourly variation of the moisture content of soil samples discussed in the 
two previous sub-sections clearly shows that the epochs of maximum and minimum 
water contents comcide with the epochs of minimum and maximum air temperT 
ture respctively In Table VIII of paper 1 we have indicated the results of eTrlie; 
estimations of the moisture content of the soil samples taken from the surface 
at sunrise and at sunset respectively. In view of the more precise information 
regartog the epochs of maximum and minimum moisture contents of the soil 
(wffich shows that the time of minimum moisture content is much earlier than sun 
set time) available from the investigations described above, it was considered 
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worth whileto make daOy estimations of the moisture contents of soil samples taken 
from the surface of the bare soil of the Agricultural Meteorological Observatory at 
0630 hrs. and 1530 hrs. I. S. T. respectively in order to find out how the diurnal 
range of the moisture-content varied from day to day. Such daily estimations 
were made from the 22nd January to the 5th March 1935. The results are given in 

J M are here expressed as percentages of the weight 

of the dry soil. The differences between these percentages are quite large and 
systematic. The average moisture content in the morning during the whole period 
IS 1*79 per cent whereas that m the afternoon is 3*80 per cent and the difference 
of nearly four per cent shows how large is the diurnal variation. This diurnal varia- 
tion IS m a^eement with the value obtained by experiments with the soil 
a vessel (Tables II and W), thus showing that the results of aU these experiments 
support eacli other satisfactorily. 

Table VI 

Moisture percentage %n samples from surface soil taken in the morning and evening 
at about 6-BO A.M, and 3-30 P,M. respectively 


Date 


22nd Jan. 
23rd ,, 
24 th 
25th „ 
26th „ 
27th „ 
28 th 

29th „ 
30th „ 
31st „ 
1st Feb. 
2nd „ 
3rd „ 
4th ,, 
5th „ 
6th „ 
7th „ 
8th „ 
9th „ 


1935 
1935 
1935 
1935 
1935 
1935 
1935 
1935 
1935 
1935 
1935 
1935 
1935 . 
1935 . 
1935 . 
1935 . 
1935 . 
1935 , 
1935 . 
1935 . 
1935 . 



A.M. 

P.M. 

Date 

A.M. 


9-81 

5*20 

12th Feb. 1935 

6*95 


9-12 

5-07 

13th 


1935 

7*12 


8*78 

3*82 

14th 

» 

1935 

7*83 


9-54 

5*48 

15th 


1935 

7*04 


9-23 

4*91 

16th 


1935 

6-81 


8-94 

5*06 

17th 

>? 

1935 

6-78 


9-42 

5*23 

18th 

»> 

1935 

6-91 


9-45 

5*84 

19th 


1935 

7*35 


8-63 

4-21 

20th 


1935 

7*22 


8-84 

5-32 

21st 

>? 

1935 

6*81 


9-01 

4-92 

22nd 

39 

1935 

7*00 


8-62 

4-00 

23rd 

33 

1935 

6*92 


' 8-63 

4-12 

24th 


1935 

6 * 65 


8-04 

3-56 

25 th 

93 

1935 

7*21 


7-85 

4-06 

26th 


1935 

7*13 


8-13 

4-93 

27th 

33 

1935 

7*55 


7-32 

3-94 

28th 

33 

1935 

7*08 


7-62 

3-41 

1st Mar. 

1935 

6*98 


6 ’84 

3-23 

2nd 

93 

1935 

7*35 


7-21 

3-30 

3rd 

33 

1935 

7*21 

• 

7 •32 

3-89 

4th 

93 

1935 . 

7*43 




5th 

99 

1935 

7*51 


P.M. 


3*40 

3-55 

3-20 

3*06 

3*22 

2*93 

3*30 

3*31 

2*81 

3*64 

3*25 

2*89 

2*54 

3*12 

3*32 

34 

26 

15 

94 

30 

12 


3 '43 


^ o gives tne nouriy values ot the moisture content of the surface soil as 
estimated on 22nd January 1935. The similarity of the hourly march as shown by 
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(“ ‘he open field) on 

We lave eetaklM^i tie fello™g feet, in the . _ 

“"i'rrSZ'arT ‘e .-rfeee 

(2) tie mfen^ty of tli, aaohang, fa . diameterietl. property of eael soil 

‘'"’coTd* 'SZ“f“'^ nimmnm moistaxe content, of tte »il 

pectiT^y “™“'“ temperatnree re,. 

have to investigate whetlier the layers below fl, ^ r conditions, however, we 
m the moisture balance at the surface during ^cI^r^weat2r^”^Th^^°^*l? 

much simplified by the fact that, in the Bombav-DTcerrS ® ^ ^ 

which would affect the soil layers near the « ^ is no water table 

resting above hard rock or murram and the wat^i surface layers are 

question whether the soil iZrattty b^w tl fr W 
contribution of moisture to the surface durihv tho rl ^ I measurable 

samples from different depths at intervals^durinff^W 

moisture contents. If there is a sienifioant d* ^ i estimatmg their 

contents at these depths then it will be n variation of the moisture 

talc P«t in the moS!i ^c ST “““ -o 
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Six inches 


Time in hours. 

Fig. 6. Houily variation of moisture-oontent at '‘surface^’, V' and 6^ depths (0^)00 hours of 
19th February 1935 to 0600 hours of 20th February 1935). 


Experimeats to verify this point were made from 19th to 20th February and 
6th to 7th May 1935. Soil samples (in duplicate) were taken simultaneously from 
the surface, one inch and 6 in. below the surface at two-hourly intervals and their 
moisture-contents determined in the usual manner. Measurements of the meteo- 
rological factors were also made simultaneously, and are given in Tables VII and 
VIII respectively. The moisture- contents of the soil at the three depths and for 
different hours on these two occasions are shown in Figs. 6 and 7 respectively. 
The curves in these figures clearly show that the diurnal variation is insignificant 
except at the surface. 


One inch 
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Surface 


One inch 


Six inches 


Fig, 7. Hourly variation of moisture-content at ‘‘surface’*, 1'% 6'^ depths (0600 hours of 
6th May 1935 to 0600 hours. of 7th May 1935), 


The soil layers below an inch may, therefore, be assumed to have no influence 
on the hourly variation of moisture at the surface during the clear season. We 
are thus concerned in the present discussion mainly with the soil surface and the 
air layers above it. 
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It is, of course, to be expected that, in tracts where the water table is very- 
near the surface, e.g., coastal tracts of India and tracts near irrigation canals as in 
the Punjab and in Sind, the water in the soil below the surface would play a most 
important role in the moisture balance at the surface of the soil. Phenomena of 
this type would be quite distinct from what we have been discussing in this paper 
and deserve a special study. 


Section II 


TIm moisture-variation index in relation to other properties of the soil 

The results of chemical and mechanical analyses of the main soil types in India 
are available in the publications of the various agricultural departments. The 
data are by no means exhaustive or derived according to a common plan or method. 
Nevertheless, an examination of these data reveals that one of the major variations 
from soil to soil is in the clay fraction. Table IX gives the results of mechanical 
analyses of certain typical soils. The table shows that, in general, the alluvial 
group has a sma,ll clay fraction and large silt content, the black soils are rich in 
clay and poorer in the particles of large size, other soils having intermediate posi- 
tions in the scale of clay content. It is well known that, the larger the clay frac- 
tion or colloidal matter in a medium like the soil, the larger will be the effective 
area available for absorptive phenomena, so that, in a general way, it is easy to 
see why black cotton soils should have the largest moisture- variation index.* 
The study of the moisture-variation index in the case of the different groups of 
particle sizes would certainly be worth-while in the case of the major soils of 
India as a special investigation. In the present section we shall confine 
ourselves to the results of some preliminary experiments on the physical 
properties of the soils which were made recently at Poona. 

Table IX 


Name of soil 
tyjies 

District 

Clay 

Fine 

silt 

Silt 

Fine 

sand 

1. Black cotton 
soils 

South 
Gujarat . 

44-4 

8*1 

26*5 

20*7 


Jalgaon 

49*1 

4*0 

17*1 

26*6 


Surat 

32-3 1 

6*4 

34*8 

26*3 


West 

Khandesh 

42*8 

8*7 

32*1 

14*1 


Poona 

25*7 

8- 1 

33*3 

25*9 


Nagpur 

44*4 

18*3 

12 -8 

5*5 


Akola 

36-9 

19*1 

16*8 

8*5 


Wfu-dha . 

40-0 

21-7 

11*2 

7*3 

" - 'i 


Coarse 

sand 


Kemarks 


Taken from bulletin No. 
160, 1929 “ Soils of the 
Bombay Presidency,’* 

Data supplied by Agrb 
cultural Department, 
Central Provinces. 


♦‘‘AStudy of Absorption of Moisture bv Soil’* hv T \r i 

Amm, B A., Memoirs of the Department of Agriculture i 

No. 12, 1928, is very interesting in this eonneetW ^ ^ (Chemical Senes), Vol. 8, 
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Table IX— (con^cZ.) 


Name of soil 



Pine 


Pine 

Coarse 


types 

District 

Clay 

silt 

Silfc 

sand 

sand 

Bemarks 

2. Laterite and 

Poona (from 

4*0 

3*0 

19*9 

18*3 

13*3 

Prom bulletin No. 160, 

red soils 

hill sides). 






Department of Agricul- 
ture, Bombay Presi- 
dency. 


Dacca 

28*1 

13*5 

24*5 

21*2 

4*0 

Data supplied bv Agri- 





■■ i 



cultural Department, 

Ben gal. 


Mandalay 

10*0 

21*1 

23*2 

39*3 

5*51 

Taken from Agricultural 



22*3 

10*0 

23*8 

33*6 

4*0 y 

Survey No. 15 of 



10*8 

21*0 

25*9 

33*1 

9-2 J 

1932, Department of 
Agriculture, Burma. 

3. Alluvial soils 

Sind 

15-7 

8*5 

56*1 

19*5 

0*2 

From bulletin No. 160, 








Department of Agricul- 








ture, Bombay Presi- 
dency. 


Punjab 

12*3 

21*2 

20*7 

30*0 

12*0 

Prom Memoirs of the 


(average 






Department of Agricul- 


of typical 






turo in India, Soils of 


districts). 






the Pmuab Vol. X, 

No . 2. 


Bengal 

14*1 

20*5 

26*1 

27*8 

1*24 

Data supplied by Depart- 








ment of Agriculture, 

Bengal. 



1 . E 

Vater-holding capacity 



The water-holding capacities of soils from Poona, Sholapiir, Hagari, Bangalore, 
Pusa and Lyallpur were determined with the help of portable drain-gauges 
designed locally. Plate LXVI is a photograph of this type of drain-gauge 
which consists of a cylindrical vessel of the required height and 5 inches in diameter 
(same as that of the standard rain-gauge) to Contain the soil and a funnel 
which drains the water percolating through the soil into a suitable receiver 
below. The soil rests on a perforated disc at the bottom of the cylindrical vessel. 

In our experiments of each soil were packed uniformly at the mean rate of 
17J oz. per inch of depth. After all the gauges were filled with the different soils, 
one inch depth of water was poured at the top of the soil at 1400 hrs, daily and any 
percolated water measured on the succeeding day at the same time. These experi- 
ments were continued without break until the soils were saturated with water 
when they began to drain all the water poured at the top of the soil columns. 

The cylindrical vessels of the drain gauges were kept covered carefully to 
prevent loss of water by evaporation, the covers being removed only momentarily 
daily once for pouring water. 

Table X gives the results of one of these experiments. After pouring one inch 
of water on the 4th and 5th December 1934, no percolation wvas noticed through 
any of the soils. After pouring one inch on the 6th, the Lyallpur soil showed 
on the 7th a^t 1400 hours a percolation of 0’88 in„ Bangalore 0*69 in., Pusa 0*62 


1184 


INDIAN JOUENAL OF AGRICDLTUKAL SCIENCE 


[VI, VI 

in,, End 0*22 in, TIig SholRpur siid Poons* soils still showed, no peroolntion 

The addition of one inch on the 7th started percolation in these two also so that 
after the 8th, the soils all began to percolate all the water poured at the top. PYom 
these results simple subtraction of the total percolation from the total water added 
during the period of the experiment gives the quantity of water ‘‘ held ” by the 
soil in each case. The water-holding capacities so measured are expressed as 
percentage of air-dry soil in Table XT. Here also the black cotton soils top the 
list. 

Table X 


Bate 


Depth of 
water 
poured 
into 


Amount of water which had percolated throuo-h 
the soil during 24 hours ending 1400 hours of the^ 
next day 



each 

gauge 

at 

1400 hrs. 

j 

Shola- 

pur 

Poona 

Hagari 

! 

1 Pusa 

Banga- 

lore 

Lyall- 

pur 

4th December I 
1934 . 

5th December 
1934 . 

6th December 

One inch 

>> 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

I Nil 

1934 . 

7 th December 


Nil 

Nil 

0*22'" 

0*62" 

0*69" 

0*88" 

1934 . 

8th December 

>> 

o*3r 

0-38'^ 

0*99" 

0*99" 

0*96" 

o-ge" 

1934 , 

>> 

1 *00^ 

0*97^ 

0*99" 

0*99" 

0*97" 

o-ge* 


Table XI 


Name of soil 


Sholapur 
Poona 
Hagari , 
Piisa 

Bangalore 

Lyallpur 



Amount of soil 

Depth 

per inch of 


depth 

Inches 

Oz. 

6 

17*5 

6 

17*5 

6 

17*5 

6 

17*5 

6 

17*5 

6 

17*5 


Total amount 
of water (in 
inches) requir- 
ed for 
saturation 
Inches 


3*69 

3*65 

2*80 

2*40 

2*38 

2*20 


Water-holding 
capacity 
expressed as 
percentage on 
air-dry 
basis 


41*0 

38*7 

30*9 

26*2 

24*0 

22*8 


2. Rate of drying 

For detemining the moisture-content of a soil sample, the sample is first 

it cL give up 

at 100 C. This IS usually verified by weighing nntil successive weights Z 


Water content (% on dry basis). 



DlUftKAi. 
WkntATfOH Cl 
MOUTUHC 


24HIW. 


POQHA 
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constant. An exact study of the rate of drying in a steam oven should be interest- 
ing both from a practical point of view as well as from the point of view of this paper* 
Four typical soils, viz,, Poona, Ranchi, .Thelum and Pusa soils, were chosen for 
such a study ; 30 grms. of each of these soils were mixed with about the same weight 
of water and kept in the steam oven at the same time after weighing initially. The 
vessels were weighed at hourly intervals, care being taken to keep them air-tight 
while weighing. The hourly weighings were discontinued in each case after the 
particular soil had attained a constant minimum weight at lOO^C. The rate of 
drying as well as the total time taken by each of the soils for complete drying at 
lOO^^C. will be seen from the curves in Fig. 8. The curves show that, when the 
soils have about 100 per cent water on dry basis, the rate of drying is rapid until 
the water content goes down to about 90 per cent. Later, the soils go on drying at a 
small but uniform rate until the moisture-content decreases to about 5 per cent. 
Further decrease in the moisture- content takes the least time in the case of the 
Pusa soil and most time in the case of Poona soil, the other soils taking an in- 
termediate position between these. 


POOKA I'OO 38-7 0*740 Gr. 1*00 


RANCHI 0*65 


JHELUM 0*44 


PU3A 0*2 0 26-2 0*165 »» 0*22 0*18 2*5 


PUSA «jHaur4 RAUcm 

Time in hours. 

The curves in the figures show the rates o£ drying of four different types of soils 
{it lOOoC. The inset table gives 

{a) the diurnal variation of moisture-content (expressed in terms of Poona 

= 1 ), 

(6) the water-holding capacity, 

(c) the absorption of moisture in 3 hours under steady conditions in the labora- 
tory, 

the specific heat, 

(e) the specific gravity, and 

(/) the heat of wetting of the above soils. 

Water content of soil (% on drjr basis). 
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Further experiments indicated that the initially rapid drying is due to eva- 
poration as from a free water surface at lOOT-, the later steady but leas rapid 
drying is due to evaporation of the capillary water from the moist soil and the 
last stage (after aljout the 5 per cent stage) is due to evaporation of the hygros- 
copic water. Pusa soil takes eight hours, Jhelum soil ten hours, Ranchi soil twelve 
hours and Poona soil seventeen hours to attain a steady minimum weight after 
complete drying at 100 °C. These times are in the same order as the moisture- 

variation indices given in the inset table of Fig. 8. 


5. Bates of absorption of moisture under steady conditions in the laboratory 
The experiments described in the first section of this paper were made in the 
open with soils exposed to the diurnal variations of the various meteorolo<deal 
factors. In order to verify whether the soils would show the same sequence in 
their power to absorb moisture under the steady conditions inside the laboratory, 
as they do with respect to their moisture-variation indices in the open, experi- 
ments were made with four typical soils, e.g., Poona, Ranchi, Jhelum and Pusa 
soils. About thirty gr. of each of these soils which had been previously dried 
completely at 100°a, were exposed after they had attained room temperature 
to the still air of the laboratory in vessels having an area of cross-section of 30 so. 
cms., at room temperature. The air temperature was 29 • S'C., the partial pressure 
of water vapour 20-0 mm. and the percentage humidity 63 per cent. Under these 
conditions the Poona soil absorbed 0 • 740 gr. of moisture, the Ranchi soil absorlied 
0 -468 gr. of moisture, the Jhelum soil absorbed 0-355 gr. of moisture and 
the Pusa soil 0 - 166 gr. of moisture in three hours. Expressed in terms of Poona 
soil equal to 1, these absorption are in the ratio of 1 : 0-63 - 0-45 - 0-‘>2 which 

is practically identical with the ratio of the moisture-variation indices^'as given 
in Table V. 

4. Specific gravity 

A * specific gravity of soils from Poona, Ranchi, Jhelum and Pusa was 

determined by the specific gravity bottle method, the liquid used being kerosene. 
The specie gravity of kerosene was also determined for use in the calculations. 
Im specific gravity of these soils varies between 2 • 3 and 2 • 6, 

Table XII 


Name of soil 


Poona soil . 
Banchi soil 
Jhelum soil 
Pusa soil 


Specific 

gravity 

2-27 

2-40 

2*35 

2*51 


The specific heats of the 
a calorimeter containing a 


5, Specific heat ^ 

same soils were determined by pouring hot water into 
suspension of about forty grms. of soil in water 
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(known quantities of soil and water are mixed prior to the experiment and allowed 
to stand until the heat of wetting is dissipated and room temperature is attained bj 
the mixture). The increase of temperature of the mixture was noted and the 
specific heat of the soil calculated in the usual manner. The table below gives the 
values of specific heats of the difierent soils. We shall have to use these values 
later in calculating the heat ofwetting of the soils (next section). 

Table XIII 


Nam© of soil 




Specific 

heat 

Poona soil . 

• « 

. • 4 


0*22 

Ranchi soil 

• • 

• • « 

» • tt 

0-20 

Jhelum soil 

» • 

. • 

» * « 

0*23 

Pusa soil • 

• 

. 

- ■ 

0-19 


d. Heat of wetting 

The heat of wetting with water was determined for soils from Poona, Ranchi, 
Jhelum and Pusa. Samples of these were heated to dryness at and then 

allowed to cool in air4ight vessels. About thirty grm. of each soil* and water 
both initially at room temperature (25 • 9®C.) were mixed quickly in a small calori- 
meter kept inside a Dewar’s flask, and the rise of temperature noted with a sensitive 
thermometer. The specific heat of the soil having been measured ah^eady, and the 
water equivalent ofthe calorimeter determined to start with, the heat of wetting per 
grm. of dry soil was calculated. The estimated heats of wetting are given 
below : — 

Table X.IV 


Fame of soil 


Poona 
Ranchi 
Jhelum 
Pusa . 


Heat of wetting per 
gr. of soil in grm. 
calories (at 25*9® C,) 


To summarise the results of these experiments fRamdas andKatti, 1935,2] 
it is seen that (excepting of course the specific heat and true specific gravity) the 
following properties of soils vary in a similar manner (please also see Pig. 8 and the 
inset table in this connection) : — 

(1) Diurnal variation of moistme, 

(2) Water-holding capacity, 

(3) Absorption of moisture in a definite time interval under steady labo- 

ratory conditions, and 

(4) Heat of wetting. 

* The determinations of absorption, specific gravity, specific heat and heat of wetting 
were aU made with soils which had been passed through a 1 mm. siwe. 
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LaboEATOEY DBTEEMIEAmOH OF THE DESICCATIHO POWEE OF OIFFEEENT SOILS 

the soil during day time help to explain the observed dimmal variLw T 
pressure of water vapour The fant that variations m the 


A!R EXn 
F 



Kg. 9. Apparatus for the measurement of the desieoation op 

different soih. a current of air by 

The experimental arrangement is shown in Piv Q mi, 
pressed by a blower passes into the sni™l air com- 

tube C which contains the dry soil Tbe ^ ® thence into the 

This precantion is necessary because the blowr initial conditions constant. 
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C the desiccated air passes into the psychrometer E which has the dry -bu^ thermo- 
meter T on one side and the wet-bulb thermometer T' on the other. The ther- 
mometers T and T' are screwed in position and may be removed easily for inspec- 
tion or for wetting the muslin of the wet bulb thermometer, xifter passing by the 
bulbs of T and T' the air finally emerges at F out into the room. To measure the 
initial humidity of the air current the tube C is removed and the air passed directly 
into E. In the initial experiments two psychrometric elements were used, one 
before and the other after the air current had passed through C, but it was ^uud 
that the wet bulb of the first would then make the air current entering C more humid 
than the room air. During the course of the experiment readings of an Assmann 
Psychrometer were also taken at intervals in the room air outside the apparatus. 
The tube 0 was connected only after verifying that the pressure of water vapour 
in the air current as indicated by E was the same as that indicated by the Assmann 
Psychrometer. This was achieved by increasing the velocity of the air current 

in the apparatus until the depression of the wet bulb in E was maximum. 

After ensuring that the tube psychrometer would function as efficiently as an 
Assmann Psychrometer and after recording the initial conditions, the tube C con- 
timin g a known quantity of soil previously dried at lOO'C. and spread unffiormly 
alonff the tube, was inserted. Almost immediately the wet bulb T' began to fall and 
withffi a few minutes attained a steady low value. The dry bulb T did not under- 
go any variation whatever as the heat of adsorption in the tube 0 was ^ssipa^ 
rapidly. The extent of the fall in T' indicates the desiccating effect of the sou in 
C The readings of T and T' were recorded at short intervals of time until the 
soil in C was exhausted and T' began to rise and ultimately attained the initial jalue 
aeain. The maximum faU of T' as well as the time it took to regain the mtiai 
value difiered from soil to soil, being large in the ease of the black cotton soils and 

small in the case of soils of the alluvial type. 

The velocity of the air current was measured during the experiment by noting 
the time taken for the displacement of a known volume of water. Also, the weight 
of soil in the tube 0 was noted both at the commencement and at the end of each 

experiment. ., r -n 

These experiments were performed with four sods, viz., soils from Poona, 
Jalgaon, Bangalore and Lyallpur. For comparing the deBicca,tmg power of these 
soils with that of a standard substance the experiment was also repeated wi h a 
sample of “ Sorbsil ” supplied by the Cambridge Instrument Company. Tables 
■ XV to XIX give the Ml experimental details for the difierent substances m the 

order in which they are mentioned above. 

■ 'B & 


Poona soil 
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The velocity of the air current was adjusted so as to allow 43‘8 o.o. of air per 
second to pass through the apparatus. After passage above the soil exposed in 
the drying tube C, the wet bulb temperature rapidly fell in the first few minutes 
and slowly rose again. Each experiment was concluded as soon as the air current 
ceased to be desiccated, i.e., as soon as the soil had got exhausted and no longer 
absorbed any moisture from the air current. When this stage was reached the 
humidity of the air current was practically identical with that of the room air 
outside the apparatus. 


In the case of Poona and Jalgaon soils and of sorbsil, the time taken for com- 
pletely exhausting the desiccating power was of the order of 80 to 150 minutes. 
During the interval the room air sometimes underwent a slight change in its 
moisture content, but such chamge was invariably small when compared to the 
changes of vapour pressure and humidity experienced by the air current on passing 
through the soil in the tube 0. 

A decrease in the vapour pressure by 1 mm. of mercury corresponds to a loss 

of 10"* grm. of water vapour per cubic centimetre or to one grm. of water vapour 
per cubic metre of air. If we plot the values of vapour pressure against time we 
shall be able to calculate from the area of the curve and the velocity of the air 
current in cubic centimetres per second, the total mass of water vapour extracted 
from the air current by the soil. For example, if A is the area of the curve when 
the vapour pressure is expressed in mm. of mercury and time in minutes and if F 
is the volume of air in c.e. entering the tube 0 per second, the mass of water vapour 
absorbed in gnns. is given by : 
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Tbis value can be compared with the actual increase in weight of the soil at the end 
of the experiment. 

The vapour pressure-time curves are shown in Mg. 10. Sorbsil is an efficient 
absorber, and retains its power to absorb for the longest time. Next in order come 
the soils from Poona, Jalgaon, Bangalore and Lyallpur, respectively. The last two 
cause only a small depression in the wet- bulb temperature and the vapour pressure, 
and, even so, get exhausted within ten minutes. In all cases the dehydration of the 
air current is rapid and the vapour pressure attains its minimum value within 
a few minutes after the commencement of the experiment ; thereafter the vapour 
pressure slowly increases and becomes equal to that of the air outside. 





0 15 30 45 eo 75 90 105 120 135 ISO }€5M!5?‘ 


Time in minutes 

Fig. lO, Curves showing the variation of vapour pressure with time in the case of different 
soils and sorbsil; the straight lines at the top of each curve shows the vapour 
pressure in the room air outside the apparatus. 
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The results which may he deduced. j6rom Tables XV to XIX and from the curves 
in Fig. 10 are summarised in Table XX where, for facihty of reference, the columns 
are numbered serially. Columns (2) to (10) give the initial and minimum values 
as well as the differences between these values in the case of the wet-bulb tempera- 
ture, humidity percentage and the pressure of water vapour, in the experiments 
with the four soils and with sorbsiL Column (11) gives the time taken for attain- 
ing the minimum value and column (12) gives the total time taken for com- 
pletely exhausting the absorbing power of each of the above substances. Column 
(13) gives the actual mass M of the substances used in the different experiments; 
this is usually between eleven and twelve grammes. Column (14) gives the mass 
of water vapour m absorbed in #2 minutes. Column (15) gives the value of 

X 100. Column (16) gives the velocity F, of the air current which was adjust- 
ed to be 43 • 8 c.c, per second in all the experiments. Column (17) indicates the total 
volume of air which passed through the tube C in #2 minutes. This volume is ex- 
pressed in cubic metres. The next column (18) gives the mass of water lost by the 

—6 

air as calculated from the curves in Fig. 10 (^ X 60 X F X 10 ). These values 

may be compared with the values of m in column (14). There is fairly good agree- 
ment in the values. The mass of water lost by the air can also be expressed in 
grms. per cubic metre (column 19). In the last column (20) is given the mass 
of soil required to desiccate one cubic metre of air to the extent indicated in 
column (19). From column (20) we note that with about fifty grms. of dry Poona 
soil we can remove about three grms. of water from one cubic metre of damp air. 
These figures do suggest that the ^ black cotton soils may be used with profit for 
keeping the air in an enclosed space dry. The cost involved would be negligible 
when compared to that of common drying agents like sulphuric acid, calcium chlo- 
ride, phosphorous pentoxide, etc. Further experiments to make practical use of 
the above results are in contemplation. 

The mvestigations described in the preceding sections are intended to 
provide a general survey of this subject. The soils have been studied more or 
less as they exist in nature and there is ample scope for further investigations 
with the various constituents of each soil which may be separated by 
mechanical as well as chemical analysis. It would also be interesting to carry 
on the mvestigations on the moisture-variation index with each soil in its own 
natural environment, Pusa soil at Pusa, Lyallpur soil at Lyallpur and so on. 

In conclusion the authors desire to express their best thanks to the Director- 
General of Observatories for facilities given at the laboratories of the Meteorological 
Office at Poona. This investigation was made in the Agricultural Meteorology 
Section (India Meteorological Department) financed by the Imperial Council of 
Agricultural Research. 


1200 


iNDIAN JOURNAL OF AGEICTILTUEAL SCnSNCE 


[VI, Vi 


REFERENCES 

Ramdas, L. A. and Katti, M. S. (1934, 1). Ind. J. Agrw. Sd. 4, 923-37. 

— — (1934, 2). Current ScL 3, 24. 

(1935, 1). Current ScL 3, 612-13. 

— (1935, 2). Current ScL 4 419, 




STUDIES ON SOIL^MOISTURE 

I. MOVEICENT OF SOIL-MOISTURE UNDER FIELD CONDITIONS 
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The relation between water and a complex body like soil is one of the most 
complicated problems in soil physios. These complications multiply in the field 
where the conditions are daily changing and where the meteorological conditions, 
over which no control is possible, influence the movement of sofl-moisture to a 
very great extent. 

Apart from the external factors the inherent characteristics of the soil are so 
very widely varying from field to field and from year to year in the same field that 
any mathematical explanation will be far from satisfactory. Notwithstanding 
this, the problem is so very interesting and important both from the theoretical 
and practical point of view that much attention is being paid by soil scientists 
from all quarters. 

Briggs [1907] considered soil as a bundle of capillary tubes and introduced the 
capillary hypothesis to explain the upward and horizontal flow of water inside the 
soil. King [1889], Hall [1904], Cameron [1911], McGee, Leake [1905] and others 
hold that sub-soil water rises up to supply the requirements of the crop, the range 
varying from 200 ft. to a minimum of 10 ft. 

Keen [1918] has shown that in the case of an ideal soil, sub-soil water may rise 
up to 150 ft. but the process is extremely slow. But what is true of an ideal soil is 
never so for an ordinary soil specially under field conditions. 

But none could assert with any degree of certainty the height to which water 
can rise by capillarity. On the other hand, more recent workers — Alway, Tulai- 
kow, Burr 1914] are of opinion that sub-soil water is never available to the crop, 
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unless the roots themselves travel down to avail the water accumulated under- 
neath. 

The mode of capillary rise of sub-soil water in nature is a controversial point. 
Leather [1908] assumes that capillarity starts from the surface and gradually goes 
down as evaporation proceeds during the dry months and extends only to a limited 
depth. While Alway and Mcdole [1917] point out that sub-soil water rises up but 
the process is so very slow that it is doubtful whether this moisture will be able to 
reach the roots of annuals in the course of a growing season. Sen [1930] has shown 
that the upward movement of water starts from the surface and does not extend 
beyond 3 ft. The authors also hold the same opinion with Leather and Sen 
[lac. ciL] and show that the upward movement starts from the surface and seldom 
extends beyond 21 in. in the case of the Dacca Farm Soil. 

Although Bengal gets sufficient rains during the monsoon, the highland tract 
dries up hopelessly during the dry season rendering winter cultivation quite dis- 
appointing. The investigation has been undertaken with the object of finding out 
ways and means of retaining optimum moisture specially for rabi cultivation. 

Before making any attempt at retaining the soil-moisture it was worth-while 
studying, the paovement of soil-moisture in Bengal where the water- table rises up 
within 10 ft. from the surface and often much less than that during the monsoon 
and where the dry season does not extend over six months. 

The first attempt at making a systematic study of the movement of soil water 
was to find out the moisture-content of the soil m situ at different depths during 
the dry season. Soil was bored down to a depth of 30 in. taking 3 in. at a time 
and moisture estimated for each depth. In order to facilitate the comparison of 
the moisture- content at various depths at different periods of the dry season, the 
data obtained in these experiments may be evaluated by graphical interpolation. 
The moisture distribution curves are aU more or less continuous and show no 
abrupt changes of direction. The nature of the curves suggests an empirical 
exponential equation of the type 

: Y =Ao (1— 

where Ao is the maximum moisture- content, Y is the moisture- content at the depth 
X and b and a are constants. So that, when 
a? = 0 , 

Y = Ao(l— 6) 

and when x = 00 (infinity) Le. at great depth, Y — Ao. 

The maximum value of the moisture has been obtained from the actual 
values and the curves have been fitted by method of least square (Figs. 4 & 5). 

The agreement in the observed and the calculg^ted values is fairly good. 
Thus beyond a certain depth, the moisture remains constant whatever the depth 
might be. > . 


t 
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STUDIES ON SOHi-MOISTUEE, I 

Water is held by the soil in the interstitial spaces due to surface tension The 
essential condition for any mathematical interpretation of the mode of distribution 
the sfmf of ™ture is that the curvature at aU air-water interfaces is 

of J ‘^’^^*ore increases or decreases according as the moisture- content 

in dt 1 f If we assume that the soil particles are uniform 

same Stb" Pf “W is uniform throughout, the curvature shaU be the 

me at aU pomts, that is, the water film surrounding each soil particle wiU be of 

^ormthicW Atsaturation, the air-water bounlary^ 

is moisture decreases and hence proportionately a greater energy 

IS necessary to remove the water from the soil. Experimental resultflend suppSt 
to the assumption. It has been found in this experiment and by other Skere 

LantitvJ 1°®® of moisture per unit of time depends on the 

tbfi ^ present m the soil. As the water escapes from the surface 

the cmvatme of the air-water interfaces increases so that the surface is always iii 
a state of tension hence it sucks water from beneath in order to reduce the curva- 
tme to a m^um and so does the next layer and so on. Thus the capillaritv 
cref ^ cmwature of the air-water interfaces gradufuy de- 

creases with the depth resulting in decrease of suction-pressure and ultimately it 
becomes so smaU that the water it pidls up from the next layer is negU^Wslu 
In other words the capiUarity does not extend beyond a certain depth for fu prlc- 
^ ica proposes. Though the moisture-content remains constant beyond 21 in it 
IS unfair to assume that there is no movement of water at aU there. Movement of 
water actually takes place but the region is in dynamic equilibrium This resion 

Se lltSth^" “Eqi^brium moisture zone ». It will be found from 
table II that the evaporation coefficient assumes a neghgible value at the eauffi 

bn„„ Tbi. f. d„. to the faot fl»t thotu there “eetowS 

water up to its field capacity so that the sod atmosphere above it contains more 
upper layer. Hence the evaporation of water from the soil 

at that layer fe neghgiblysmaU. Any loss, however smaU, from this %e" “ 

idbfehed ^ equilibrium 

meteor^i^® months, moisture does leave soil and the loss depends upon the 

meteorological conditions, ».e., temperature, humidity, velocity of wind, etc but 

» d h» r '■->^^>>1= to havo ftote data, Ht. foUorri^ ded.ctto "h." 
SSd c»diLl temperatoro and 

Thus if F be the water-content of the soil at any time t, tb An 

' ' _ E- 

dt “ • • • - . . . . . , (i) 

the frartion of the surface covered with water-film and A is a constant 
h varies with the depth. Smce the spheres are aU uniform, they wiU have 
uniform moisture film surrounding them, that is, the thickness of the fflm will be 
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the same everywliere. Therefore ^ a \ is proportional to F. Substituting F for 
‘ a ’ we have, 



(ii) 


the rate of loss of moisture 


dv 

dt 


is given as a product of F, the moistuie- con- 


tent and a constant Ki which varies from layer to layer. 


d lo g F 
dt 



(iii) 


Now V, the volume of the water actually found in the soil, is not all mobile, 
a part J? (the residual moisture in the air-dry soil) cannot escape from the soil in 
the field tinder any circumstances hence while considering V, H must be deducted 
from it. 

Thus substituting {V—H) for F we have 


dlog{V-H) _ 

dt 


(iv) 


d log (F—i?) ^ K^ dt 

log{V~-H)^K,t + K^ (V) 

At a depth when assumes a negligible value, 
log{F — H) = K 2 ~ constant. 

The above expression is a true measure of the moisture- content of the soil at 
any' depth upto the limit of the experiment. The expression F involves two con- 
stants, and which require further discussion. The constant is evident- 
ly an arbitrary constant while Ki is the coefficient of evaporation. It has already 
been stated that the moisture- content of the soil increases with the depth and 
assumes a constant value beyond 21 in. Apparently, the effect of evaporation 
beyond 21 in. is negligibly small. Hence, theoretically, Ki should gradually 
decrease up to a certain depth, beyond which it becomes zero or less than any 
assignable quantity, while the arbitrary constant K 2 should gradually increase to a 
maximum constant value. 

Expertmental 

Three sub-plots (18 ft. x 10 ft.) were selected from the experimental plot 
of the Dacca Farm high land area. The plots were ploughed, weeded off, 
laddered and kept undisturbed for the whole period of dry season. Before 
starting the experiment, eight points were marked off in each sub-plot. 

Soil samples were collected from the plots up to a depth of 30 in. taking 3 in. 
of soil at a time. Each boring was thoroughly mixed up in a covered aluminium 
pot and about 30-40 grms, of soil were taken in a stoppered weighing bottle and 
weighed in the field. These samples were collected periodically at an interval of 
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three to four weeks, care being taken that the distance between the respectiTe 
borings was ncTer less than 3 ft. The samples were then taken to the Laboratory 
where it was dried at 105^0.— 110®C., cooled in desiccator, weighed and moisture 
calculated on dry basis. 

Table I 

Total moisture in soil in situ at varying depths — Dacca Farm 
Plot No. 12 


Depth 

in 

inches 

Moisture 

percent- 

age 

7th 

December 

1932 

Moisture 

percent- 

age 

28th 

December 

1932 

! Moisture 
percent- 
age 
20th 

J anuary 
1933 

Moisture 

percent- 

age 

17th 

February 

1933 

Moisture 

percent- 

age 

23rd 

March 

1933 

Moisture 

percent- 

age 

5th 

April 

1933 

0—3 . 

15*69 

12*24 

10-38 

6*48 

4-83 

2*89 

3—6 

17*25 

17*84 

13-55 

11*90 

10-66 

7*63 

6 9 , * 

18*25 

16*75 

18-36 

13*80 

12-48 

10*08 

9 — 12 . 

20*31 

18*88 

20-21 

17*00 

16-28 

12*42 

12 — 15 , 

20*68 

20.79 

21-39 

19*01 

16-37 

15*21 

15 — 18 . 

22*38 

22*08 

22-26 

20*00* 

18-68 

1 9 * 88 

18 — 21 . 

22*90* 

24*36 

22-81 

22*31 

22-55 

22*12 

21 — 24 . 

23*42 

24*94 

24-60* 

21*80 

22-06 


24—27 . 

23*69 

24*04 

26-30 

22*22 

22-24 

. ** 

27—30 , 

23*84 

24*00 

25-61 

22*45 

21-24 

* * 


* The figures marked with asterisks have been obtained by interpolation. 
Total moisture in soil in situ at varying depths— Dacca Farm 


Plot No. 23 


Depth 

in 

inches 


Moisture 

percentage 


28th 

December 

1932 


Moisture 

percentage 

17th 

January 

1933 


Moisture 

percentage 

17th 


February 

1933 


Moisture 
percentage 
9th March 
1933 


Moisture 
percentage 
5th April 
1933 


0— -3 

11*31 

3—6 

15*01 

6—9 

18*32 

9—12 . , 

19*44 

12—15 . 

22-88 

,15—18^ ■ . 

24*28 

18—21 . 

24 *23 

21—24 , 

24*82 

24—27 , 

24*50 

27—30 . 

23*48 


8*82 
13*63 
15*64 
19*66 
22*18 
23*39 
24*36 
23 *91 
24*32 
23*41 


6*80 

12*62 

15*20 

18*10 

21*23 

23*15 

23*33 

23*99 

23*73 

23*17 


5*93 

11*83 

15*73 

18*24 

19*87 

22*94 

23*10 

23*00* 

22*95 

23*25 


4*44 
10* 60 
14*60 
17*25 
19*38 
21*06 
22*00 
23'*..24 
23*55 
22*35 


* The figures marked with asterisks have been obtained by interpolation. 
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Total moisture in soil in situ at varying deaths — Dacca Farm 

Plot No. 30 


Depth 

in 

inches 

Moisture 

percent- 

age 

8th 

December 

1932 

Moisture 

percent- 

age 

7th 

J anuary 
1933 

Moisture 

percent- 

age 

3rd 

February 

1933 

Moisture 

percent- 

age 

4th 

March 

1933 

Moisture 

percent- 

age 

23 rd 
March 
1933 

Moisture 

percent- 

age 

8th 

April 

1933 

0~-3 . 

15*60 

9*21 

8*48 

6*81 

4*06 

3.38 

3~~-6 . 

17*65 

11*60 

12-66 

10*12 

11*17 

8*37 

6—9 . 

18*51 

14*28 

12-30 

12*85 

13*08 

12*69 

9—12 . 

22*40 

18*43 

20*22 

17*62 

16*84 

18*71 

12—16 . 

24*67 

19*52 

21*09 

21-40 

20*56 

21*21 

15—18 . 

25*09 

19*28 

21*93 

22*09 

21*22 

22*80 

18--.21 . 

25*69 

20*72 

22*66 

20*17 

22*46 

22*57 

21—24 . 

25*69 

22*42 

23*00 

23*61 

21*74 

22*30 

24r— 27 . 

24*44 

21*68 

22*52 

23*61 

21*47 

22*54 

27—30 . 

24*54 

22*14 

23*12 

23*61 

22*22 

22*78 


The surface layer being directly influenced by the sun, the wind and other 
meteorological changes dries up very quickly and as such suffers maximum loss. 
This loss of moisture decreases with the depth and then becomes constant (Figs. 1, 
2 and 3). These curves are similar to those of Greene [1928], The graphs bring 
out some interesting features. In the first place the graphs are all smooth and 
tend to converge to a depth of about 21 in. then diverge almost parallel to the axis 
of depth showing that the soil profile is uniform up to the depth considered and 
beyond that depth the moisture- content remains constant. The steepest curve is 
obtained at the end of the dry season while the flattest at the beginning, thus 
indicating that the effect of evaporation is perceptible only up to a depth of a 
few Inches. 
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3c inches 


inches 





Moisture percentage 
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Curve No. 2. 

Moisture 

percentage 



The above equation is purely an empirical one and has got no theoretical bear- 
ing. Since the soil profiles are scarcely uniform the moisture content wili depend 
upon the physical nature of the soil. . 

An inspection of the figures in Table I, shows that evaporation proceeds 
in every layer of the soil in situ during the dry months resulting in the decrease 
of the moisture per cent in all the layers up to the “ Equilibrium-moisture- 
zone.’’ The data can be correctly fitted up into the evaporation equation (v). 
On plotting log (F — H) against t {t being recorded in days), it is found that all the 
points lie about a straight line’(Figs. 6, 7 and 8). 
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f in days 
Fig. 8. 


These graphs are all of different slopes which decrease as the depth increases 
uiibU at the Equilibrium- moisture-zone they become practically parallel to the 
axis of time which lends further support to the fact that the moisture- content re- 
mains practically constant beyond a certain depth, i.e, beyond the Equilibrium- 
moisture-zone ’’ and further that the capillarity does not extend beyond a certain 
depth. The Knear equation (v) being the true measure of the moisture- content 
of the soil, the value of the constants may be of some interest. They have been 
worked out from the experimental data. A glance at Table II will show that 
the evaporation constant K-i decreases with the depth and reaches zero at infinite 
depth but its value beyond 21 in. is negligibly small and may be taken to be zero 
for all practical purposes and log approaches its maximum constant value. 
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1^3 : 


tabhe n 


Table for the constants 


. 

12^—16" . 
15''— 18" . 

18"— 21" . 
2F— 24" . 
24"— 27" . 

27"-— 30" 




Plot No. 12. 

-Ni 

0-006743 

0 -003091 
0-001511 
0-001746 
0-001421 
0-0007803 
0-001268 
0-001044 
0-0006704 
0-0006016 

• iT:, ,,, 

1-2110 

1-2453 

1-2141 

1-2983 

1-3116 

1-3281 

1-3299 

1-3794 

1*35702 

1-3583 






Plot No* 23 









—ST a 

JCt 

0"— 3" 





• 

0-005069 

1 - 1670 

3"— 6" 






0-001625 

1-1469 

G"— O'" 






0-0008029 

1-2071 

9"— 12" 






0-0006208 

1-2564 

12"— 15" . 






0-0008666 

1-3236 

15"— 18" . 






0-0006420 

1-3639 

18"— 21" , 






0-0004882 

1-3501 

21"— 24" 






0-0003176 

1 -3519 

24"— 27" , 






0-000255 

1-3481 

27"— 30" . 






0-000135 

1-3270 






Plot No. 30 









~K^ 

•ST 2 

0"— 3" 






0-006179 

11656 

3"— 6" 






0-002264 

1-1716 

6"— 9" 






0-000985 

1-1664 

9"— 12" . 






0-00077 

1-2889 

12"— 15" . 






0-0003574 

1-3123 

15"— 18" . 






0-0001398 

1-3164 

18"— 21" . 




, 


0-000351 

1-3275 

21^24" . 






0-0004639 

1-3658 

24"— 27" - 






0-0002208 

1-3277 

27'"--30" . 


• 


mmmmmmm 


0-0002037 

1-3302 


It wiU be observed firom the above that certain discretion had to be applied 
in representing the moistiire^content by the regression equation (v), hence it is 
worthwhile to submit the values of the constants to a more rigorous test. The 
values of and log in the table have been calculated from equation ( v). The 
high correlation coefficient (r == 0*97) between the observed and the calculated 

‘ ■■ ■■■■ - ;■■ ■■ ' H -"2 ■ 
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values leaves no doubt as to the validity of the deductions applied under field 
conditions. The slight discrepancy in the result is not surprising in view of the 
various sources of error involved in the experiment and numerous assumptions 
made in the deduction. 

The following table shows the observed and the calculated values of log 
{V—H) of the 1st layer 

Table III 


log (F — B) observed 

1-1690 

1-0654 

0-9754 

0-7442 

0-6910 

0-2920 


log (F — E) observed 
1*1664 
0*9190 
0-8779 

0-6842 

0*4913 

0- 3890 

log (F — H) observed 

1- 2041 
1-0162 
0-8940 
0*7686 
0-6989 
0*6463 


Plot JSTo. 12 


Plot No. 30 


Plot No. 23 


Log(F — H) calculated 

1-sriio 

1-0694 
0-9144 
0-7266 ^ 

' 0*4963 

0- 4086 

Log (F — H) calculated 

1- 1666 
0*9802 
0*8135 

0-6342 

0-6166 

0- 4179 

Log (F — H) calculated 

1 - 2110 
1*0366 
0-9343 
0-7776 
0-6763 
0*6397 


Similar agreements were obtained for other depths also. 

Efeect oe' rainfall 

If there be any rainfall during the tenure of the experiment, the entire course 
of moisturo movement will he disturbed and as such any deduction be erroneous. 
If the rainfall be sufiiciently heavy as to accumulate a good deal of water on the 
surface then the depth to which this water will penetrate by percolation will depend 
upon the equilibrium-moisture holding capacity of the soil which in the case of the 
Dacca Farm soil is about twenty-three per cent, so the amount of water that will 
be absorbed by the soil will be the difference between the equilibrium-moisture 
holding capacity and the actual moisture-content of the soil. 

But if the rainfall be not sufficient, to saturate all the soil above the EquiK- 
brium-moisture-zone so as to raise it to the equilibrium-moisture-content then the 
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water will travel only to a limited depth thus increasing the moistnre content of the 
upper layers. The surface being more susceptible to evaporation, dries up quickly^ 
scarcely leaving any opportunity to detect the Increase of moistuie, unless the 
observation is made shortly after, while the intermediate layers show a definite 
increase in the moisture per cent. 

Though the rainfall was very insignificant during the 1st stage of experiment, 
the difference between the successive periods indicates clearly the departure from 
the normal process of drying- 

■ TableIV ■■ 


Moisture after rainfall 


Depth ■■ , ^ , 

PlotlSTo. 23 
Moisture 
percentage 
25thMay 

PlotlSro. 12 
Moisture 
percentage 
15th May 

Plot No. 30 
Mo%ture 
percentage 
26th May 

' . ' • ■ ' • ;■ 

18-36 

27*07 

15*45 ' 

3^'— 6^'' ..... 

. 18*35 

23*25 

18*95 

6"— 9^^ 

14*87 

22*20 

19*05 

9''— 12'' ... 

16*05 

21*80 ^ 

21,-55' 

12"~-15" . . . . . . 

20*15 

21*88 : 

22*42 

15"— 18" . . . . . 

20 * 65 

24*51 i 

21*42 

18"— 21" . . . . V . 

; ■ ,22*58 

18*96 i 

24*50 

21"— 24" . . . ... 

1 26 *15 

21*81 

27*93 

24"— 27" . . ; 

26 *45 

22*28 

23*40 

27"— 30" 

' 1 

24*80 

22*30 

22*65 


Bainfall 


In. 

Bainfall 



lUr'' 

November 1932 


0 

May 1933 — 




December 1932 . 


0 

1st 



0*44 

January 1933 — 



5th 



0*05 

22nd 


0*05 

6th 



1*06 

25th 

, 

0*03 

9 th 



1*22 

Februaiy 1933 — 



10th 



0*02 

13th . 


0*8 

11th 



0*04 

.,.;i9th ", , „ 


0*11 

12th 



0*40 




18th 



1*28 




22nd 



0*35 

March 1933 . , 






0*57 

April 1933— 



25th 



0*47 

14th 


2*70 

30th 



1*80 

15th 


■ : 0*45: , ., 





16th 


'■■-■1,*32 . 





17th 


1*28 





18th 







19th 


0*6 





20th 


0*36 





23rd 


2*65 j 





Total 


'9-36 i 

Total 



f: *'70 
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It will be seen from the above tables that there had been abundant rainfall 
during the months of April and May to accumulate a good deal of water so as to 
allow percolation down to the lower layers or even to the water-table below. 
Table IV shows that though the rainfall was heavy, the moisture-content of the 
soil in any layer never exceeded twenty-three per cent which is the Equilibrium- 
moisture holding capacity of the soil under investigation. Hence it follows that 
a portion of the rain water was used up in raising th^ soil of the upper layers to 
its equillbriom-moisture-content and the excess water percolated down to the 
lower layers. 

But as a matter of fact winter rainfall in Bengal is scarcely sufficient to moisten 
the soil to any depth hence the considerations can seldom be useful. This is, how- 
ever, of importance where irrigation water is concerned. The supply of too much 
water for irrigation purposes is simply to run it to waste. 

In conclusion, the authors take the opportunity of expressing their indebted- 
ness to the Imperial Council of Agricultural Research for the financial grant to- 
wards the cost of the investigation. 

Our acknowledgments are due to Messrs. K. McLean, B.Sc., Director of 
Agriculture, Bengal and to Gostabehari Pal, M.Sc., Agricultural Chemist, Bengal, 
for the kind interest thejT^ took in the investigation. 

Summaey 

1. The condition of soil -moisture in situ at varying depths have been studied 
in the Dacca Farm (highland) during the dry season. The loss of soil-moisture is 
greatest and very rapid in the 1st three inches then gradually decreases up to a 
depth of 18 in. Beyond 18 in. there is an “ Equilibrium-moisture-zone which 
remains at the same moisture-content up to the end of the dry season. The 
moisture- content at this zone is about twenty- three per cent. 

2. Beyond this depth of 21 in. up to 30 in. the soil -moisture remains constant. 
This may be a possible explanation as to why the deep-rooted crops can resist 
drought. 

3. The phenomena of capillary rise of water in soil has been discussed and 
it has been shown that the upward movement of water in soil starts from the 
surface and gradually goes down. 

4. The evaporation of soil-moisture under field condition can be satisfactorily 
expressed by the formula 
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The sugar industry in India received considerable impetus after the imposition 
in 1932 of custom duty on white sugar imported into India, which led both in the 
Punjab and other provinces to the establishment of a considerable number of sugar 
factories. Prior to this date only a few refineries were working in the Punjab and 
manufactured white sugar from gur or jaggery imported from the United Provinces. 
These imported gurs were generally impure and soft in consistency, sometimes resem- 
bling dark-coloured, semi-viscous fluid but were invariably preferred ~to the gurs 
produced in the Punjab which were apparently cleaner and more attractive in 
appearance. The reason assigned for this partiality lay mainly in the allepd 
greater recovery of white sugar from the United Provinces gurs^ and this was assist- 
ed by their lower price even after allowing for freight and other charges. The 
analyses for sugar content of a large number of Punjab gurs do not reveal any strik- 
ing differences from the gurs produced in the United Provinces, although it has been 
suggested that the method of making gur as practised in the Punjab differs from 
the method in vogue in the United Provinces, in so far that in the former the 
juice is kept constantly stirred with a mashad or ladle not only during concentra- 
tion but even after the thickened syrup has been transferred to the gand for 
solidification. It was suggested that this continual stirring tends greatly to reduce 
the size of the crystals in the gur, which would otherwise remain fairly large, and 
that this is responsible for the lower recovery of white sugar from Punjab gurs. 

In order to ascertain the correctness of this view, it was decided to prepare 
gurs from the same variety of cane by both methods for analysis. That prepared 
by the United Provinces method took longer to solidify in the pan, was darker in 
colour and would not easily crumble and was so sticky that it could be drawn out 
into threads. In spite of these different physical features, the analytical data 
given in Table I did not show any difference which would account for these facts. 

( 1218 ) 
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Table I 

Analysis of giirs prepared by the United Provmces and the Pan jab methods 
\ Sugar in gurs prepared according to 


Variety Province 


Co. 213 * . . XJ* P* . 

„ , . . Punjab 

Co. 285 . . . U. P. . 

„ . . . Punjab 

Co. 233 . . . U. P. . 

„ . , . Punjab 

Co. 300 . . . U. P. . 

„ , . . Punjab 

Co. 312 . . . TJ. P. . 

„ • . . Punjab 

Co. 313 . . . XJ. P. 

Punjab 



Sugar in juice 







Variety 



U. P. method 

Punjab method 


Sucrose 

Glucose 

Sucrose 

Glucose 

Total 

Sucrose 

Glucose 

Total- 


Per 

Per 

Per 

Per 

sugar 

Par 

Per 

sugar 


cent 

cent 

cent 

cent 


cent 

cent 


Co. 206 . 

i 

i 12*57 

1*56 

66*17 

8*77 

74*94 

65*92 

9*31 

75*23 ' 

Co. 213 . 

16*53 

0*67 

75*74 

6*12 

81*86 

75*24 

6*12 

81*36 

Co- 223 . 

16*45 

0*72 

1 

77*26 

1 6*53 

1 

83*79 

75*24 

6*12 

81*36 


Some further anatyvses were undertaken in order to ascertain if differences in 
the climate and soil conditions in the United Provinces and in the Punjab respec- 
tively might account for any differences found in the sugars of the same cane 
varieties which might ultimately be reflected in the quality of tlie gurs produced 
from the two provinces. The data obtained are shown in Table II and, with the 
exception of Co. 290, did not show any pronounced difference in the sucrose and 
glucose content of some of the main varieties of sugarcane common to both 
provinces. It seems reasonable then to look in other directions for the alleged 
” inferiority of the Punjab 

^ Table II 

Showing comparative analytical data for the same varieties of cane groim in the 
United Provinces (Shahjalianpur) and the Punjab (Jullumlur) 


Juice 


63*0 
64 -S 
66-0 
62-5 
66*3 
67*9 
65*3 
67*2 
63*7 
68*4 
63*0 
67-1 


Sucrose 
per cent 
on cane 


10*1 

10*0 

9-1 

9*5 

12*4 

9-6 

12*4 

11*3 

10*9 

10*8 

11*6 

11*7 


Glucose 


0*66 

0*33 


0*18 

0*53 

0*39 

0*36 

0*26 

0*48 

0 * 2.8 

0*44 

0*25 
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In sugar refineries the ‘ nett rendiment ’ values are used for determining the 
quality of raw sugars and are also employed as a check on the amount of white 
sugar actually obtained against the amount expected. This value takes into 
consideration the amount of sucrose, glucose and the ash or mineral matter 
present in the raw sugar and is calculated from the following formula 

B = Polarisation — ( / X glucose per cent) — { X X ash per cent ) 

The value of V in the above equation varies between 3’ 6 and 5 for different kinds 
and quantities of raw sugar produced in different locahties and countries. 

It is clear from the above that all the sucrose actually present in the raw 
sugar cannot be obtained as white sugar and that the amount left uncrystallised m 
the molasses is equal to the amount of reducing sugars + X times the amount 
of ash. The mineral matter, therefore, is of far greater account than the glucose 
content. The figures of analyses for gurs purchased from the markets in some of 
the important sugar producing centres are given m Table III. 


Table III 

Analytical data for gars from the Punjab and the United Provinces 


Description of sample 

Polarisation 
or sucrose 

Glucose 1 

Ash 

Nett rendiment 




Punjab 



Lyallpur 


73*70 

7*20 

4*47 

50 9 

Jullnndur 


69*54 

8-18 

5*43 

42*4 

Amritsar 


72*80 

10*50 

4*34 

47*1 

Sonepat . 


66*43 

11*32 

5*49 

36*0 

Gojra (Lyallpur) 


71*40 

7*90 

6*00 

42-5 

Avebage 

• 

70*77 

9*02 

5*15 

i 43*8 



United Provinces 



Gorakhpur 


70*32 

13*53 

2*86 

46*78 

Do. 


77-09 

12*00 

3*27 

53*64 

Do. 


68-80 

18*00 

2*53 

41*94 

Muzaffarnagar 


74*00 

11*70 

2*53 

53*40 

Do. 


70*00 

13*20 

2*38 

48*50 

Average 

• 

72*04 

13*69 

2*71 

^ ■ 

48*85 


It will be seen that the amount of sucrose in the Punjab gura is practically the 
same as in gurs from the United Provinces, while the figures for glucose are decided- 
ly lower. This means that the method of ptir-making as practised in the Punjab 
is not inferior to theU. P. method, since any defect in the Punjab method would 
have resulted in inverting the sucrose and thus raising the glucose content. The 
main reason for the inferiority of the Punjab gtirs is apparently their high mineral 
content, which is almost double that of the U. P. gurs. 
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This fact led to a systematic enquiry being undertaken into the causes res- 
ponsible for the high ash content of the gws manufactured in this province. The 
investigation has been carried on for the last three years and the results obtained 
so far are presented in this paper. 

Apart from any adhering dust or soil particles which may gain access to the 
juice during the crushing of sugarcane, all mineral matter found in the gur can be 
traced to the soluble salts present in the juice from which the g%r was prepared. 
This investigation, therefore, resolved itself into a study of the ash content of the 
juice from different varieties of cane grown in different iocalities. 

During the year 1932-33, the Punjab possessed the second largest area under 
sugarcane— namely, 558,152 acres^ — of any province in India, the United Provinces 
standing first with 1,773,211 acres in the same year. This area must necessarily 
increase if the extra demand of new sugar factories, which have recently come into 
being, is to be met. The districts of Juilundur and Hoshiarpur comprise a tract 
which has for long been regarded as one of the most suitable for the production of 
sugar, although, from the climatic point of view, the south-eastern districts of 
Karnal and Rohtak appear to be better. 

With the development of scientific methods in agriculture and the introduc- 
tion of new varieties of sugarcane, other tracts such as the new colony areas, have 
also taken up the cultivation of this crop. It seems, therefore, that in spite of the 
unfavourable climatic conditions for the growth of sugarcane and competition with 
more paying crops such as cotton, the Punjab is likely to remain an important 
sugar- producing province. Punjab give about five per cent less white sugar 
than the U. P. gurs, which means a great loss to the province and it is, therefore 
of importance to ascertain the causes responsible for the low quality of the canes 
alleged to yield inferior gurs. 

The lines on which the investigation has been carried out are : — 

1 . Classifying sugarcane varieties according to the ash content of their 

juice. 

2. Classifying different tracts in the province with reference to the ash 

content of the juice of sugarcane grown therein. 

3. Studying the relatiouvship that may exist between the ash content of 

sugarcane juice and the composition of the soil. 

4. Investigating the possibilities of eontrolling the factors responsible for 

the high ash content of sugarcane juice in the Punjab. 

1. Mineral content of different varieties of sugarcane grown in the Punjab 

Table IV gives the results of analyses of different varieties of sugarcane from 
localities in different parts of the province. The figures for any one variety are 
generally the mean of several figures relating to that variety and were obtained afti^r 
the cane had reached maturity. It is possible that the canes obtained from 
different localities might have been influenced by differences in climatic conditions 
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or in manurial treatments, but it will be seen that the mineral matter in cane varies 
from 0 • 24 per cent to 0 • 70 per cent only. The value of 0 • 24 for Co. 252 and Co. 
SOO refers to samples of these varieties obtained from Gurdaspur only, but as will 
be seen later, all varieties grown in this district show a very low ash content. Most 
of the varieties examined (12 out of 18) had an ash content in the neighbourhood 
of 0- 50 per cent and only four contain more than 0-60 per cent. This difference 
ofO-1 per cent will affect the recovery of sucrose by only 0-4 per cent at the 
maximum, if these were the only varieties available to any particular factory, 
which is a very remote contingency. 

Table IV 

Analytical data for some of tJie important varieties of sugcarcam grown in the Punjab 


(Average figures) 


Variety 

Juice 

Sucrose 

Glucose 

Total 

sugar 

Total 

solids 

Ash 

Glucose 

ratio 

Purity 

coefii- 

cient 

Nett 

rondi- 

ment 

Co. 205 

58 

9 

7 

90 

0 

61 

8 

51 

.0 

77 

0 

53 

7* 

7 

74 

6 

5- 

5 

Co. 213 

67 

4 

9 

46 

0 

41 

9 

86 

11 

71 

0 

55 

4* 

4 

80 

7 

, 7, 

1 

Co. 223 

64 

4 

8 

70 

0 

57 

9 

27 

11 

21 

0 

43 

6* 

8 

76 

1 

6- 

8 

Co. 244 

66 

1 

9 

55 

0 

41 

9 

96 

11 

93 

0 

67 

5* 

4 

78 

6 

6 

8 

Co. 252 

66 

4 

6 

70 

1 

22 

7 

92 

9 

20 

0 

24 

18- 

2 

72 

2 ' 

4- 

6 

Co . 270 

64 

9 

9 

60 

0 

39 

9 

99 

12 

15 

0 

46 

4- 

4 

80 

0 

7- 

6 

Co. 272 

66 

5 ■ 

. .,7 

50 

1 

29 

8 

79 

10 

00 

0- 

43 

20- 

6 

74 

4 

4 

7 

Co. 281 

68 

5 

10 

92 

0 

21 

11 

13 

13 

28 

0 

53 

2- 

4 

82 

4 

8 

8 

Co. 285 1 

62 

7 

9 

99 

0 

31 

9 

30 

11 

49 

0 

60 

3 

8 

78 

2 

6 

6 

Co. 287 ; 

64 

2 

8 

-50 

0 

80 

9 

30 

11 

01 

0 

46 

9 

4 

77 

6 

6 

0 

Co. 290 j 

69 

5 

10 

01 

0 

26 

10 

27 

12 

17 

0 

61 

3 

1 

81 

7 

7 

6 

Co. 300 

69 

0 

9 

20 

1 

00 

10 

20 

11 

00 

0 

24 

10 

9 

83 

•6 

7 

4 

Co. 312 ! 

69< 

•9 

11 

•20 

0- 

20 

11- 

•40 

13 

•16 

0 

•69 

1- 

•8 

85 

•0 

8- 

•6 

Co. 313 

68- 

■ 1 

1 11 

-10 

0- 

27 -i 

11- 

•35 

13 

•00 

0 

•55 

1- 

■4 

85 

•6 

8- 

•9 

Co. 356 

62- 

-9 

K:"9- 

•20 

0- 

36, 1 

9- 

•60 

11 

•20 

0 

•70 

3 

•9 

82 

•0 

6 

•4 

ICatlia 

59- 

■3 


-40 

0- 

43 

8- 

•S3 

10 

•91 

0 

•58 

5- 

•9 

77 

•0 

4 

•9 

Suretha 

60- 

■0 

9- 

-08 

0- 

19 

9- 

-27 

11 

-30 

0 

•52 

7 

•1 

80 

•1 

2- 

•1 

Kansar 

59- 

■4 ■„ 

■ 7- 

37 

0- 

93 

8- 

30 

11 

•23 1 

■■■' . ! 

0 

•78 

3 

•7 

65 

•5 

12 

•7 ^ 


As pointed out by Thieme in 1930, it has been noticed in the Java factories 
that since 1915 the ash content of their cane juices has been increasing, particularly 
during the years 1926-29-- a period which coincided with the production of 
P. 0. J. 2878 cane. It appears that a high ratio of ash to non-sugars is a charac- 
teristic of modem canes, resulting in lower yields in the factory. In the case of the 
Punjab, however, taking the province as a whole, no striking differences in the 
mineral content of juice from different varieties at present available are noticeable. 

It must be remembered, however, that where a number of varieties is avail- 
able which shows highly favourable characters, such as high yields, high purity 
figures and low glucose ratios, those which have a low ash content must invariably 
be preferred and in propagating canes suitable for cultivation in the Punjab, this 
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question of ash content must receive full consideration especially in view of the 
fact that cane in the Punjab is liable to experience unfavourable climatic 
conditions, 

2, Effect of fSoil mid climatic conditions in different localities on the minered content' 

of the cane juice 

Table IV gives the results obtained during the first year of the enquiry ; 
eighteen varieties were examined from eight different districts, viz,, Haiisi, 
Rohtak, Juliundur, Gujranwala, Lyallpur, Sargodha, Montgomery and Multan. In 
addition to the ordinary analyses of the juice, the amount of mineral matter was 
also determined in sixty-six samples. It is not proposed to give the analysis of each 
one of these separately as in the first year of the enquiry there was soine difficulty in 
obtaining samples of certain varieties from all the localities at the same comparable 
period of growth. It was, therefore, decided to continue the investigation in the 
following year, under more comparable and better controlled conditions. The 
preliminary results obtained during the first year indicate that the province can 
be divided into three regions, m., sub-montane, central and western districts in 
relation to the amount of mineral matter present in the juice of sugarcane grown in 
different tracts. 

In order to ascertain if any relationship exists between the amount of mineral 
matter in the cane juice and the amount of water-soluble salts present in the soil 
on which the cane grew, thirty-two soil samples were examined for total solids, 
carbonates, bicarbonates, chlorides and sulphates in a ten per cent water-extract of 
soil. It was anticipated that the amount of mineral matter present in the 
juice would be related to the amount of water-soluble matter in the soil, but 
contrary to expectations, the analytical results lent no support to this hypothesis. 

The work carried out during the second year confirms all the conclusions 
arrived at the previous year. Before describing the results obtained, it may be as 
well to summarise the conditions under which the enquiry was conducted : — 

{^) Since it had been found in the first year that, with one or two exceptions, 
the differences in the mineral content of the different varieties were not so great as 
the differences due to geographical situation, only four varieties which were avail- 
able at all the localities selected were reserved for examination, viz,, Co. 213, Co. 
285, Co. 290 and Co. 300. 

(ii) In order to eliminate possible differences in mineral content due to differ- 
ence in age, the canes were analysed at approximately the same period of growth. 
Thus, with the exception of Co. 213, which is a late ripener and was analysed once 
only in the third week of February 1933, the other three varieties were analysed 
twice in the season, i,e., once in the middle of December 1932, before the onset of 
frost and again during the 3rd week of February 1933, when the canes were 
expected to have recovered completely from the effect of frost. 

{Hi) The crops selected had received no special manii rial or other treatment 
likely to produce artificial variations in the chemical composition of tfic soil, 
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(iv) The localities selected were typical of the different soil and climatic con 
ditions of the province. 

(v) The mineral matter was determined in the unclarified juice, so that nothing 
was added to or removed from it. 

As part of the enquiry, Co. 285 and Co. 290 were kept under observation with 
the object of studying variations in the composition of the juice at different periods 
of growth. The analyses were carried out at monthly intervals beginning in 
November 1932 and extending to the end of February 1933 and the results obtained 
are given in Table V. It will be seen that after the cane had reached maturity, 
the juice or soluble mineral matter varied but little. Thus a difference of some 
days or even a few weeks in the analysis will not effect to any great extent the 
relative amount of mineral matter present in the juice of different varieties or in 
the same variety from different localities. This explains why the general con- 
clusions drawn from the first year’s work (when in the case of some of the varieties 
the analyses were carried out at an interval of 2 to 3 weeks) are in no way modified 
by the more systematic and better controlled work in the following year. 

Table V 

Variations in the composition of the juice of sugarcane at different stages of its growth 


j Percentage on cane 

Date of 


analyses 

Juice 

Suc- 

rose 

Glu- 

cose 

Total 

sugar 

Total 

solids 

Ash 

Nett 

rendi- 

ment 

Purity 









Co. 

285 








let Nov. 1933. 

63* 

5 

7* 

38 

0- 

38 

7 

■76 

9 

84 

0 

66 

4 

68 

75 

0 

1st Dec. 1933. 

62 

6 

8 

34 

0- 

26 

8 

•60 

10 

74 

0 

68 

5 

71 

78 

0 

1st Jan. 1934. 

61 

9 

8 

38 

0 

11 

8 

•94 

10 

•55 

0 

62 

6 

56 

83 

7 

31st Jan. 1934 

62 

8 

8 

72 

0 

20 

8 

•92 

10 

85 

0 

63 

8 

•30 

80 

4 

27th Feb. 1934 

60 

0 

8 

92 

0 

06 

8 

98 

11 

•58 

0 

72 

6 

•34 

80 

5 









Co. 

290 








1st Nov. 1933. 

65 

•7 

5 

•67 

0 

•96 

6 

•63 

8 

•42 

0 

•61 


59 

' 67' 

•0 

1st Dec. 1933. 

70 

•0 

9 

'91 

0 

•26 

10 

•17 

11 

•84 

0 

•68 

''v:V7' 

28 

84 

•0 

1st Jan. 1934. 

68 

•4 

9 

•28 

0 

•56 

9 

•84 

11 

•20 

0 

•71 


22 


'0 

31st Jan, 1934. 

•■67 

•7 

7 

•15 

1 

•56 

8 

•71 

11 

•39 

0 

•77 


89 


•8 

27th Feb. 1034. 

64 

*4 

8 

•89 

0 

•60 

9 

•49 

II 

■41 

0 

•62 

'-6' 

12 

77 

9 


The results of the analyses of similar canes from different localities are given 
in Tables VI to IX. It will be observed that the greatest amount of mineral 
matter in the juice is to be fovmd in canes from Multan, and the least in those 


MINERAL MATTER IN TUB tfUiCB OE SUGARCANE, I 


im 


from Giirdaspiir and Rawalpindi. The ^ nett rendimeiit ’ values for Rawalpindi 
canes, however, are very much lower than for those from Qurd^ispiir. The reason 
apparently is that cold weather, particularly when the temperature at night 
falls, for any prolonged period, below the freezing point, brings about inversion 
of the sucrose already formed, resulting in an increase in the amount of glucose 
or invert sugar which prevents a corresponding amount of sucrose from orysta- 
lizing during the preparation of white sugar. On the other hand, a compari- 
son of the figures for mineral matter obtained in December and February clearly 
indicates that frost has not affected them. 

Table VI 


Analytical data for Go, 213 from different localities in the Punjab 


Locality 

Bate of analysis 

Juke 

per 

cent 

Suc- 

rose 

per 

cent 

Glu- 

cose 

l)er 

cent 

Total 

sugar 

per 

cent 

Total 

solid 

per 

cent 

Ash 

per 

cent 

Nett 

rendl- 

ment 

Glu- 

cose 

ratio 

Purity 

Lyallpur 

21st Bob. 1934 

67>0 

9*21 

0*30 

9*51 

11*84 

0*60 

0*81 

3*2 

78 

Sargodha . 

latli If’eb. 1934 

68*5 

9*39 

0*39 

9-78 

■ 

11*88 

0*50 

7*25 

4*2 

79 

Montgomery 





Not available 




Multan 

17th Beb. 1934 

68-2 

7*8 

0*18 

7*98 

9*7 

0*72 

5*10 

2*3 

80 

Siraa . 

23rd Bob. 1934 , 

03*8 

9-6 

0*17 

9*77 

11*7 

0*60 

7*68 

1*8 

82 

JuIIundur . 

lOth Beb. 1934 

07-0 

9-9 

0*31 

10*21 

12*1 

0*51 

7*80 

3*2 

82 

Gurdaspur . 

25th Bcb. 1934 

65*4 

11*09 

0*13 

11*22 

12*75 

0*45 

9*38 

. 1*2 

87 

Rawalpindi 

22nd Beb. 1934 

68*8 

9*00 

0*72 

9*72 

11*44 

0*31 

7*19 

8*0 

79 


Table VII 

Analytical data for Go, 285 from different localities in the Punjab 


Locality 

Bate of analysis 

Juice 

per 

cent 

Suc- 

rose 

per 

cent 

Glu- 

cose 

per 

cent 

Total 

sugar 

per 

cent 

Total 

solid 

per 

cent 

Ash 

per 

cent 

Nett 

rendi- 

men^ 

Glu- 

cose 

ratio 

Purity 

coeffS- 

cient 

Lyallpur . 

15th Dec. 1935 


62*8 

8*73 

0*16 

8*89 

10*86 

0*65 

6*30 

1*8 

80 


21st Beb. 1984 


63*4 

9*56 

0*07 

9*63 

12*03 

0*09 

7*07 

0*7 

80 

Sargodha . 

16th Bee. 1933 


62*8 

8*89 

0*35 

9*24 

10*9 

0*64 

6*30 

4*0 

82 


19th Beb. 1934 


62*5 

9*45 

0*17 

9*62 

11*81 

0*56 

7*28 

1*8 

80 

Montgomery 

14th Bee. 1933 


61*4 

9*00 

0*17 

9*20 

10*6 

0*69 

6*43 

2*0 

85 


18th Beb. 1934 


64*4 

9*70 

0*17 

9*87 

11*9 

0*74 

7*44 

1*8 

82 

Multan 

16th Bee. 1933 


62*3 

8*80 

0*10 

8*90 

10*7 

0*85 

5*71 

1*1 

82 

. 

17th Beb. 1934 


61*2 

7*70 

0*17 

7*87 

10*3 

0*76 

4*87 

• 2*5 

75 

Hansi 

15th Bee, 1933 


57*4 

7*90 

0*36 

8*30 

9*8 

0*53 

5*78 

4*6 

81 


23rd Beb. 1934 


60*0 

9*20 

0*20 

9*40 

11*5 

0*51 

7*21 

2*8 

80 

JuIIundur . 

i 13th Dec. 1933 


62*0 

8*10 

0*63 

8*70 

10*8 

0*37 

6*17 

7*7 

75 


i 19th Beb. 1934 


62*8 

^10*30 

0*22 

10*52 

12*3 

1 0*45 

; 8*50 

2*5 

84 

Gurdaspur . 

' 13th Bee. 1933 


61*6 

8*89 

0*38 

8*77 

10*46 

0*31 

6*92 

4*5 

80 


25th Bcb. 1934 


61*9 

10*20 

0*22 

10*42 

11*90 

j 0*41 

8*54 

2*2 

86 

Rawalpindi 

15th Bee. 1933 


63*8 

6*41 

1*07 

7*48 

9*31 

f 0*39 

3*98 

16*6 

68 


22nd Beb .1934 

V 

62*7 

7*40 

0*96 

8*36 

10*52 

0*43 

5*89 

13*0 

70 
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Table VIII 


Analytical data for Co. 290 from different localities in the Punjab 


Locality 

Date, of analysis 

Juice 

per 

cent 

Suc- 

rose 

per 

cent 

Glu- 

cose 

per 

cent 

Total 

sugar 

per 

cent 

Total 

solid 

per 

cent 

A.sh 

per 

cent 

■JN'ett 

rendi- 

ment 

Glu- 

cose 

ratio 

Purity 

coeffi- 

cient 

Lyallpur ' . 

IStii Dec. 1933 

70-5 

9-02 

0-32 

9*34 

11*44 

0*72 

6*17 

3-6 

79 

21st Pel3. 1934 

67-6 

8*47 

0-84 

9-31 

12-40 

0*65 

5*35 

9-9 

68 

Sargodha . • . 

16th Dec. 1933 

68-3 

10'3 

0-29 

10*60 

11-60 

0*57 

8*01 

2-8 

89 

19th Feb. 1934 

69-2 

9-97 

0-60 

10*57 

12-77 

0*51 

7-58 

6-0 

78 

Montgomery 

17th Dec. 1933 

64-9 

9-1 

0-40 

9*5 

10*90 

0*53 

6*84 

4-4 

84 


18th Feb. 1934 

62*1 

9-1 

0-40 

9*50 

11-21 

0*55 

6*77 

4-4 

81 

Multan . * 





Xot available 




Hansi • * 

15th Dec. 1933 

63-7 

9-5 

0-22 

9*70 

11-02 

0*60 

7*20 

2-3 

86 


23rd Feb. 1934 

70-0 

9*3 

0-23 

9-53 

13-00 

0*70 

6*62 

2-8 

' 72 

yullxindur . 

19th Dec. 1933 

71-0 

11*5 

0-65 

12*20 

13-03 

0*26 

9*94 

i 5-8 

88 


19th Feb. 1934 

68-7 

11-6 

0-51 

12*11 

13-30 

0*25 

10*21 

; .■ 4-4 

87 

Ourdaspiir . 

13th Dec. 1933 

68-6 

9-51 

0-56 

10*07 

11*72 

0*34 

7*76 

5*9 

81 


25th Feb. 1934 

67*5 

12-34 

0-14 

12*48 

13-72 

0*41 

10*76 

1-1 

90 

llawalpiiidi 

15th Dec. 1933 

: 68-2 

9-17 

0-49 

9*66 

11*49 

0-42 

7*21 

5*4 

80 


22nd Feb. 1934 

^ 67*7 

7*61 

1-98 

9*59 

11*60 

0*30 

^ 4*58 

26*0 

66 


Table IX 


Analytical data for Co. 300 from different localities in the Punjab 



locality 


Date of analysis 


[ j 

! Juice 

Sue- 

Glu- 

Total 

Total 

i per 

rose 

cose 

sugar 

solid 

; cent 

per 

per 

per 

per 


cent 

cent 

cent 

cent 


Ash I IS'ett 
per rendi" 
cent I ment 


Glu- 

cose 

ratio 


Purity 


Lyallpur . 

15th 

Dec. 

1933 


68- 

5 

8-92 

0 

36 

9 

28 

11 

17 

0 

67 

6 

23 

4 

1 

80 

21st 

Feb. 

1934 

- 

67* 

6 

9-30 

0 

32 

9 

62 

11 

94 

0 

63 

6 

77 

3 

5 

77 

Sargodha . 

16th 

Dec. 

1933 


67 

7 

9-89 

0 

38 

10 

27 

11 

49 

0 

48 

8 

18 

3 

9 

86 

19th 

Feb. 

1934 


67 

9 

9-92 

0 

85 

10 

27 

12 

48 

0 

50 

7 

82 

3 

5 

80 

Montgomery 

17th 

Feb. 

1933 


65 

3 

9-90 

0 

14 

10 

00 

11 

0 

0 

44 

8 

23 

1 

4 

90 

18th 

Feb. 

1934 


62 

1 

10*00 

0 

14 

10 

14 

11 

8 

0 

58 

7 

83 

1 

4 

85 

Multan 











Not available 







Hansi 

16th 

Dec. 

1933 


63 

2 

9-9 

0 

22 

10 

10 

11 

4 


snoiled 

■■ 2 

2 

87 


23rd 

Feb. 

1934 


65 

6 

8-4 

0 

-25 

8 

65 

11 

9 

0 

51 

6 

36 

3 

0 

■ 71 , 

Jullundur . 

13th 

Dec. 

1933 


i 70 

•1 

7-8 

1 

*01 

8 

80 

10 

0 

0 

58 

4 

76 

12 

•9 

78 


19th 

Feb. 

1934 


! 69 

1 

•2 

11-8 

0 

*15 

11 

•95 

13 

6 

0 

57 

9 

65 

1 

•3 

87 

Gurdaspur . 

13th 

Dec. 

1933 


67 

•1 

9-91 

0 

•45 

10 

36 

11 

67 

0 

27 

8 

51 

4 

•5 

' 85'- ■ 

25th 

Feb. 

1934 


67 

•1 

11*88 

0 

•22 

12 

•10 

13 

17 

0 

31 

10 

57 

1 

•7 

90 

Bawalpindi 

15th 

Dec. 

1933 


70 

•9 

9*89 

1 

•25 

11 

*14 

12 

•23 

0 

48 

6 

96 

12 

•6 

■■■ ■ '81'""" 

22nd 

Feb. 

.1934 


70 

*0 

7*88 

1 

•49 

9 

•37 

11 

•05 

0 

27 

5 

44 

19 

•0 


It will be seen that, as 

a 

general rule, the mineral matter in the 

juice 

of all 


the varieties is least in the sub-montane tracts and increases progressively 
through the central districts towards the south-western arid tracts, where it 
attains the maximum value. The central regions, represented by the district 
of Jullundur and part of Hoshiarpur, produce canes with a medium mineral 
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content. This, combined with the fact that canes in this locality give the greatest 
yield of sucrose per acre, and experience a very long crushing season, as has been 
already pointed out by the authors [1935], might have been one of the factors 
which inadvertently exercised an influence in making this tract the home of 
the sugar industry in the past. 

Similar variations also occur in the ash content of the juice of .sugarcane 
grown in different loealities in the United Provinces [Table X*]. It is interest- 
ing to note that the canes from Muzaffamagar which is nearer to the source of 
the Jumna and the Ganges than Cawnpore, should be characterised by a low 
ash content, while those from Cawnpore which is much farther away should 
possess a much higher content of mineral matter in their juice. It is difficult 
to say whether this is merely a coincidence or whether it reflects in any way con- 
ditions similar to those found in the Punjab where it is noticed that as we move 
with the rivers in a south-westerly direction so does the amount of mineral 
matter in the cane juice tend to increase. It is clear, however, that the ash con- 
tent of the canes from the United Provinces is lower than that from the Punjab 
canes and this appears to be the only factor which detracts from their quality. 

Table X 

Ash contml of the juice from the same varieties of sugarcane from different stations 

in the United Provinces 


{Percentage ash on juice by weight) 


Variety 

Muzaffamagar 

Shahjahanpur 

Go. 213 . . . . 

0-270 

0-374 

Co. 281 . . . 

0-287 

0*432 

Co. 285 . . . . 

0-497 


Co. 300 

0-278 

6*559 

Co. 312 . . . 

0-269 

0*409 

Co. 313 . . . 

0-381 

0*406 


3, Composition of the soil and the ash content of the juice of sugarcane growing 

thereon 

As aU the mineral elements present in plants are derived from the soil, it 
is necessary to examine the soil for a possible explanation of the peculiar be- 
haviour of the same varieties of sugarcane in removing different amounts of 
minerals from different localities in the province. During the first year of this 

* We are indebted to the Cane Agronomist, Muzaffamagar, the Economic Botanist, 
Shahjahanpur, and the Agricultural Chemist, Cawnpore, for the supply of sugarcane 
Juice of these varieties from their respective stations. 
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enquiry ttirty-two samples of soil, on which the canes analysed were grown, were 
obtained from Jullundur, Gurdaspur, Gujranwala and Lyallpur and analysed for 
water-soluble salts. As has been remarked already no correlation was found to 
exist between these salts and the amount of mineral matter in the juice of the 
sugarcane. Thus, for instance, of the four places under observation, the Gurdaspur 
soil contained the largest amount of water-soluble salts, yet the canes from this 
place contained the least amount of soluble mineral matter in the juice. 

Table XI gives the mechanical composition of some of the Punjab soils from 
which different varieties of sugarcane were obtained in the second year of this 
enquiry. It also includes the analyses of some typical sugarcane soils from the 
United Provinces and Bihar, while Table XII shows the figures for different 
water soluble ingredients of the same soils. 

Table XI 

Mechanical analyses of sugarcane soils 


(Average figures) 
Percentage cm, air-dried soil 


Locality 

Clay 

Silt 

Fin© sand 

Sand 

Gravel 

Ptisa . . 

7*20 

45-80 

46-60 

0-41 


Muzaffamagar . 

12-07 

30-08 

62-47 

5-11 

0-27 

8hahjahanpur . 

8-18 

19-37 

67-59 

3*18 

1-68 

Gorakhpur 

11-14 

33-99 

45-31 

9-44 

0-12 

Hansi 

15*80 

26-10 

57-83 

0*24 

0-02 

Montgomery 

12-45 

31-66 

i 54-66 

0-98 

0-25 

Sirsa . . 

6-70 

13*40 

79-03 

0-78 

* « 

Multan 

13-88 

31-94 

1 53-82 

0-31 

0*06 

Sargodha , 

11-42 

30-40 

45*48 

12-60 

0-10 

Rawalpindi 

21-32 

34-71 

1 41-55 

2-16 

0-26 

Gurdaispur 

10-84 

28-90 

38-58 

21-55 

0-13 

i 


It will be seen that, apart from the fact that the soils from the United Pro- 
vinces and Bihar are slightly lighter than those from the Punjab, the soils from 
the three provinces do not reveal any striking differences in their mechanical 
constitution and the nature and composition of their water-soluble salts. Soils 
from Muzaffamagar and Montgomery, as also from Gorakhpur and Sargodha 
are practically identical as far as their mechanical composition is concerned, 
but Sargodha and Montgomery soils do not produce as good a cane as do those 
from the other two places. Similarly, since soils from the United Provinces 
and Bihar contain less water-soluble salts than those from the arid regions (Multan 
and Montgomery) of the Punjab, a possible explanation of our problem may 
be found in this direction. It wiU be seen, however, that the Gorakhpur and 
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Sargodlia soils, althougii they contain the same amount of water-solnhle salts 
are not equally suitable as far as the quality of cane they produce is eoncemed. 
Again, Rawalpindi and Sargodha soils are identical in respect of the amount 
of water-soluble salts which they contain, but the former produces cane with 
the lowest amount of mineral matter in its juice of any in the Punjab. Thus 
it seems that differences in the mechanical composition of the soils and the salt 
content of their water extracts, do not provide a satisfactory explanation of 
the differences in the amount of mineral matter in the juices of cane obtained 
from different places* 

Table XII 


Analysis of sugar cam soils {amrage figures) 
Ten per cent soil extract in water 


Locality 

Total 

solids 

Carbo- 

nates 

Bicarbo- 

nates 

Chlorides 

Sulphate 

Pusa 


0-165 

0*010 

0*103 

0*029 

.. 

Muzaffarnagar . 


0-089 

0*002 

0*046 

0-290 

. . 

Shahjahanpur . 


0*092 

0*004 

0-072 

0*012 

. . .. 

Gorakhpur 


0*126 

•• 

0-068 

0*026 

• • 

Hansi 


0*091 


0*074 

0-018 

• • 

Sirsa 


0*171 

• • 

0*116 

0-023 

traces 

Montgomery 


0*161 

0-003 

0*091 

0-025 

traces 

Multan 


0*179 

0-003 

0-086 

0-036 

0-075 

Sargodha . 


0*131 

•• 

0*096 

0-012 

. • 

Rawalpindi 


0*121 

-• 

0*083 

0-018 

•• 

Gurdaspur 


0*080 

•• 

0*061 

0-014 

traces 


The analytical figures for hydrochloric acid-soluble salts for some of the 
typical soils from the above Hst are given in Table XIII. These indicate that, 
of the soils examined, those from Multan contain the highest amount of iron 
and aluminium. It is very difficult to gauge the extent to which differences 
in the amount of these two elements influence the quality of cane. It is worthy 
of note that the Pusa soils contain about 20 per cent of calcium, but only 0’158 
per cent is present in the exchangeable form, recognised to be the more re- 
active state in which this element exists in the soil. 


mo 
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Table XIII 


Ohemiml analyses' of some typical sugarcane soil {ThydrocUoric acid extract) 
Expressed as percentage on air-dried soil 


Serial 

No. 

Reg. 

Ho. 

. Description 

Insoluble 

residue 

Iron as 

FCaO, 

Alumi- 
nium as 
AljO, 

Calcium 
as CaO 

Magne- 
sium as 
MgO 

' Sodium 
and potas- 
sium as 
oxides 

Phos- 
phates as 
P«0, 

1 

ZUlU 

Gtirdaspur . 

86*95 

3*73 

4-68 

0-73 

1-48 

1*03 

0-11 

2 

366/34 

Gurdaspur . 

87*64 

3*50 

4-86 

0-63 

1*10 

0*91 

0*10 

S 

221/34 

Multan 

82*00 

4*24 

7*20 

2*50 

1*07 

1*36 

0*24 

4. ' 

222/34 

Multan 

80*54 

4*78 

7*46 

2*45 

1*14 

1*47 

0*17 

B 

12/34 

Gorakhpur . 

90*51 

1*88 

6*70 

0*61 

0*53 

0*85 

0*09 

6 

095/33 

Pusa . 

54-50 

1*45 

4*16 

21*00 

1*42 

1*00 

0*20 

7 

997/33 

Pusa . 

57*42 

2*07 

3*20 

18*48 

1*30 

0*98 

0*10 


The exchangeable monovalent and divalent bases in these soils and the 
corresponding values are given in Tables XIV and XV. 

The data in this table throw considerable light on the problem in hand, 
as it will be seen that the pH values of the soils from the arid regions are as a rule 
higher than those of the soils from the sub-montane, central or south-eastern 
regions. 

It appears that soils with a pH value of 7 or less are best suited for the pro- 
duction of the highest quality juice, but this conclusion, which is based on the 
available data relating to the Punjab does not appear to be applicable to the 
United Provinces and Bihar soils. For example, the soils from Muzaffarnagar 
and Shahjahanpur have a pH value of 7, but those from Gorakhpur, Mushari 
and Pusa possess values approximating to those of soils from Sargodha and Lyali- 
pur. This indicates that, while sugarcane does best on a soil with a pH value 
of approximately 7, it will tolerate those with values up to 7*7 and that the pH 
value of the soil alone is not necessarily an index of the quality of cane which it 
will produce. However, a better correlation seems to exist between the exchange- 
able calcium in the soil solution and the ash content of the juice. 

The figures for the exchangeable calcium in the arid regions of the Punjab 
are very low, never being greater than 0*15 per cent on the soil. On the other 
hand, the soils from the United Provinces, Bihar and the Giirdaspur and Rawal- 
pindi Districts of the Punjab, which produce canes wdth a low mineral content, 
show an exchangeable calcium figure lying between 0*15 and 0*20. The soil 
sample from Hansi, however, possessed the greatest amount of exchangeable 
calcium, namely 0*248, yet correspondingly the canes from Hansi did not show 
the lowest amount of mineral matter in their juice. With this single excep- 
tion, a high content of exchangeable calcium in the soil seems to run pari pasu 
with low mineral figures in the juice. It is difficult to say in what precise way 
the ei changeable calcium in the soil affects this qualitative feature of the juice, 
but o le obvious effect would be to render the soil better drained by improving 
its permeability to water. 



Tabus XIV— cordd. 
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Table XV ' 


Exchangeable bases in sugarcane soils {average figures) 


Serial 

No, 

Beseription 

pH value 

Ex- 
change- 
able KgO 

Ex- 
change- 
able NugO 

Ex- 
change- 
able CaO 

Ex- 
change- 
able MgO 

1 

Rawalpindi 


6*88 

0-009 

0*001 

0-204 

0-022 

2 

Sargodha . 


7 ‘56 

0-096 

0-008 

0-152 

0-022 

3 

Gurdaspiir . 


6*80 

0-008 

0-034 

0*167 

0*058 

4 

Hansi 


7*04 

0-007 

0 *050 

0*248 

0-039 

5 i 

Sirsa . 


7*38 

0*005 1 

0-034 

0-136 


6 

Montgomery 


7*90 

0*649 i 

0*015 

0*102 

0-031 

7 

Multan 


7*91 

0*029 i 

0*027 

O-llO 

-010 

8 

Muzaflargarh 


6*94 

0*021 

0*018 

0*169 


9 

Shahjahanpur 


7*16 

0*019 

0*016 

0*179 

0*019 

10 

Gorakhpur . 


7*53 

0*022 

0*009 

0*183 

*021 

11 

Mushari 


7*69 

0*034 

0-035 

0*153 

! 0*024 

12 

Pusa . 


7*66 

0*035 

0*009 

0*158 

•005 

13 

Lyallpur 


7*60 

0*027 

i 

0*029 

0*140 

0*014 


f Table XVI shows the relative permeability of some of these soils to water 

and it appears that the intake of salts by the cane is greatly influenced by the 
; permeability of the soil on which it grows. 

Table XVI 


Showing relative permeability to water of dijferent soil samples 


Locality from which soils were obtained 

C.c.s of water 
percolating 
through a 18 ‘5 
cm. column of 
soil in 4 hours 

Exchangeable 

calcium 

Shahjahanpur (Narainpur) ... * 

67*0 

0-197 

„ (Banwaripur) 

29*0 

0*199 

Gorakhpur (Maharajgunj) . , , , 

38*0 

0*156 

„ (Bharudumat) 

18-6 

0*218 

Gurdaspur (Agricultural Station) 

31*6 

0*181 

» 9f • • • 

24*5 

0-174 

Muzaflamagar (Surja) , * * 

8*4 

0-166 

„ (Kukra) . 

9*6 

0*162 

Mushari (Sugarcane Station, Bihar) . 

8*4 

0*119 

Pusa (Imperial Agricultural Institute Farm ) . 

9*5 

0*166 

Lyallpur (Agricultural Farm) , . . 

7*9 

0*140 

Montgomery „ 

6*4 

0*123 

,, „ , • , • 

8*8 

0*126 

Multan „ 

2*1 

0*094 

99 * • * * 

6-2 

0*112 




i 


i 

1 

1 

I 

' 

■ 

1 





1^34 


INfiUN journal 03F AGRICULTURAL SCIENCE 


[VI, VI 

Possibilities of controlling the juice-soluble mineral matter in the sugarcane 
crop in the Punjab 

If tliere is an abundance of soluble inorganic salts present in the soil, most 
plants will absorb a greater quantity than is necessary for their maximum growth. 
Thus, Jordon [1913] in his nutrition experiments with barley, peas, tomatoes, 
tobacco, buckwheat and rape found that both phosphorus and potash com- 
pounds increased in these plants after the maximum increase in growth had 
been reached. As already noted, however, we did not find any direct relation- 
ship between the amount of soluble salts present in the soil and the mineral con- 
tent of the sugarcane Juice. The above observation of Jordon, however, refers 
not to the expressed sap but the whole plant. Further, it has been noted that 
the amount of a given element in a plant may be influenced by the proportion 
and kind of other elements contained in the soil or culture solution. Thus Gins- 
burg [1925] found that withholding phosphorus increased the ash content of 
the soybean plant from 13*3 per cent to 18*6 per cent and similarly withhold- 
ing manganese increased it to 18*4, The figures (Table XVII) obtained at 
Lyallpur indicate the possibility of modifying the composition of the plant 
by changing the proportions of different elements in the soil, and in view of the 
findings of Lipmann [1904] that the nature of the salts present in the juice exer- 
cise a profound effect in determining the amount of sucrose withheld from crystal- 
lising (as shown below) the above observations are of considerable importance, 
Lipmann refers to Lagrange who showed that when present in pure sugar solu- 
tion, one part of the following salts will prevent sugar from crystallising in amounts 
shown against each 

Amount of sugar 
prevented from 
crystallising out 

Parts 


NaCl . . . . . . . . . O'O 

CaCl . . . . . . . . , 0-5 

. * . . , . . . . 2-0 

KCl , 3-0 

I^aS04 3.5 

XagCOg 3 .^ 

3 .^ 

Na 3 p 04 . * • * . . . . . 5*0 

5.5 

NalSTOj 05 
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Table XVII 

Mineral composition of wleat plant groum on soils saturated with different 

cations {metals) 


Nature of cation 

Ash 

Insoluble 

residue 

Iron and 
alumi- 
nium 

Calcium 

Magne- 

sium 

Manga- 

nese 

Sodium 

Potas- 

sium 

Oalcium 


17-95 

5-82 

1-218 

1-424 

0-698 

0-010 

0-856 

3-87 

Magnesimn 


15-74 

4-16 

0-786 

0-067 

1-192 

0*010 

1-880 

4-87 

Manganese . 


10-04 

2-03 

0-579 

0-746 

0-622 

1-215 

0-288 

2-49 

Potassium . 


20-40 

4-47 

1 0-639 

0-690 

0-530 

' 0-012 

0-796 

9*41 

Normal soil 

__ 

11-41 



0-470 

0-310 

0-012 

0-710 

2-97 


Lipmann refers in detail to the investigations of a number of workers such 
as Marsehal, Williamson, Nugues, Herzfeld, and others, on the determination of 
the molasses forming power of different salts and draws the general conclusion 
that the recovery of white sugar from sugarcane juice is influenced not only by 
the amount of mineral matter but also by the nature of the salts present in the 
juice. It has further been seen that the nature and amount of salts taken up by 
plants depend upon the composition of the soil or culture medium in which they 
grow. These observations suggest the possibility of decreasing the amount 
of mineral matter in cane juice (particularly in regard to certain ingredients) 
by treatment of the soil on which the cane grows. As has already been pointed 
out soils with a high exchangeable calcium content have yielded canes with a 
low ash content. 

It appears, therefore, that it should be possible in the Punjab to produce 
canes with the lower ash content than at present by increasing the exchangeable 
calcium in the soil by a judicious application of calcium salts. It has already 
been found at Montgomery that the juice of sugarcane (Co. 285) from soil treated 
with gypsum gives O’ 98 gr. of ash per 100 o.c. against 1’12 from an untreated 
soil. Further, Hurst and McKaig [1933] found that the application of nitrogen 
fertilisers increased the nitrogen content of cane juice to an appreciable extent 
and also decreased the ash content of the juice as compared with juice from cane 
grown on unmanured soil. On the other hand they found that the potassin or 
phosphatic fertilisers increased the ash content of the juice. In order to throw 
further light on these features, a series of experiments under controlled condi- 
tions, using calcium and nitrogen fertilisers, have been started at Multan, Lyall- 
pur and Gurdaspur, and the results will be presented when available. 

Summary 

1. Sugar refineries in the Punjab have always shown a preference for gut' 
or jaggery from the Urdted Provinces over the local commodity, on the plea that 
the former yields a greater percentage of white sugar. It was at one time believed 
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that the smaller recovery of cane sugar from Punjab guvs was due to the defec- 
tive method of their preparation, resulting in the breaking down into smaller 
fragments of the larger-sized crystals of sucrose by constant ladling and stir- 
ring of the juice and the thickened syrup as practised by the Punjabi gur boiler— 
an obviously unacceptable explanation. 

2. It has, however, been found that the low recovery is due to the greater 
amount of mineral matter present in the Punjab gurs, which is the result of the 
high ash content of the cane- juice from which these are prepared. 

3. Apart from the higher ash content of their juice, the Punjab canes are 
in no way inferior to those from the United Provinces and Bihar ; they contain 
as much sucrose as those from the two latter provinces and much less glucose. 

4. Since all mineral matter in plants and crops is derived from the soil on 
which they grow, the high mineral content of the juice from the Punjab canes 
must be correlated with the composition of the Punjab soils. It has been shown 
that in mechanical composition and the nature and amount of their water- and 
acid-soluble salt content, the sugarcane soils of the Punjab are almost identical 
with those from the other two provinces, but they differ in the amount of ex- 
changeable calcium. This in conjunction with a slightly higher pH value seems 
to be the most likely explanation of the greater ash content of the juice , from 
sugarcane grown in the Punjab. 

5. It is suggested on the analogy of the wheat plant that it may be possible 
to modify the ash content of the cane juice by treatment of the soil with certain 
chemicals and manures. Experiments with this object in view are in progress 
at different centres in the province and the result will be communicated when 
ready. 

The author’s thanks are due to Syed Asghar Ali Shah, Kesearch Assistant, 
for help in analyses. 
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THE PROBLEM OF THE NITROGEN SUPPLY OF RICE 


I. FIXATION OF NITEOGEN IN THE EIOE SOILS UNDEE 
WATEE-LOGGED CONDITIONS 

BY 

PEAN KUMAE DE 

Agncultuml Ohemistry Section^ DcLCca University 

^Received f or publication on the 23rd Joly 1936) 

An excerpt from Crop Production in India by Albert Howard is given below 
to introduce the subject under investigation. Referring to the phenomenon of 
nitrogen-supply of rice, Howard states : 

‘‘ In any scientific consideration of the soils which produce the rice crop in India, 
practical experience at first seems to contradict one of the great principles of the agri- 
cultriral science of the Occident, namely, the dependence of cereals on nitrogenous 
manures. Large rice crops are produced in many parts of India on the same land 
year after year, without the addition of any manure whatever. The rice fields of the 
country export paddy in large quantities to the centres of population or abroad, and 
there is no corresponding import of combined nitrogen. Taking Burma as an example 
of an area exporting rice beyond seas, during the last twenty years about 25,000,000 
tons of paddy have been exported f rom a tract roughly 10,000,000 acres in area. As 
unhusked rice contains about 1*2 per cent, of nitrogen, the amount of this element 
shipped overseas during the last twenty years or destroyed by the burning of the husk 
is in the neighbourhood of 300,000 tons. As this constant drain of nitrogen is not 
made up by the import of manure, we should expect to find a gradual loss of fertility. 
Nevertheless this does not take place either in Burma or in Bengal, where rice has been 
grown on the same land year after year for centuries. Clearly the soil must obtain 
supplies of nitrogen from somewhere, otherwise the crop would cease to grow. 
The only likely source is the fixation from the atmosphere and the question arises how 
can this take place in a Bengal rice field, for example.” 

There are obviously two possibilities to account for the ability of rice to 
grow in the same soils year after year even in absence of any manure. Either 
sufficient nitrogen is fixed from the atmosphere and rendered available in the soil 
to compensate for the amount removed with the crop and lost otherwise or the 
plants themselves are able to assimilate elementary nitrogen like legumes. Al- 
though in the present state of our knowledge an assumption that a cereal crop 
like rice can fix atmospheric nitrogen will hardly receive any support, neverthe- 
less this possibility deserves very careful examination in view of the fact that Sen 
[1929] has demonstrated the occurrence of a nitrogen-fixing organism within rice 
root while Viswanath [1932] obtained indications that rice plant may possess the 

power of fixing nitrogen. 

^ ( lg37 ) 


1238 


INDIAN JOUENAL OF AGKrCDLTURAL SCIENCE 


[VI, VI 


In studying the fixation of nitrogen in the rice soils, it should be remembered 
that these soils remain alternately dry and water-logged. Prom transplantation 
to harTest, soils remain water-logged : thereafter up to the next transplantation 
they are allowed to remain dry and fallow. In the water-logged state the condi- 
tions become distinctly unfavourable to the beneficial flora of the soil such as 
Azofohacter, and it is, therefore not expected that any bacterial fixation of nitrogen 
will take place at this period. But the abundant growth of the algal film very 
often observed on the surface of the submerged rice soils, deserves very serious 
consideration. The beneficial effect of these organisms in aerating the roots of the 
rice plant and the upper layers of the submerged soils have been observed by 
Harrison and Aiyer [1914]. Nothing, however, is known whether they are able 
to fix nitrogen, though Howard [1924] suggested that " the algae and bacteria in 
the film, working conjointly, are capable of using the energy of sunlight to fix 
some of the nitrogen evolved in fermentation in a form suitable to the rice plant ’. 
Several investigators have described a symbiosis with the nitrogen-fixing bacteria 
on the part of algae ; others have affirmed in a belief that algae themselves are able 
to fix (direct) nitrogen. For earlier literature on this subject, reference may 
be made to a paper by Bristol and Page [1923] whose very careful experiment has 
shown that green algae in pure cultures cannot fix elementary nitrogen. 
Amongst the recent workers, Lipmann and Teakle [1925] observed that an associa- 
tion between Azotobacter and GMorella led to an increased fixation of nitrogen 
though Hoover and AlKson [1935] claim that certain Nostoc are able to fix nitrogen 
in pure cultures. 

Some fixation is also possible during the dry period, particularly in the winter 
when the conditions of the soils, as regards temperature and moisture, are emi- 
nently suitable for the growth of Azotobacter and other nitrogen- fixing bacteria. 
The average soil- temperature at this stage is about 25*^0. and the moisture- content 
IS sufficiently low to secure aerobic conditions. Moreover, a portion of the straw 
is usually left in the fields after harvest which may be utilised by the nitrogen- 
fixing bacteria as source of energy. 

Besides the fixation from the atmosphere, soils may receive nitrogen from 
other sources as well. With dew, rains, etc., a small amount of nitrogen may be 
added. Leather [1906] calculated that in North India about 3 * 2 lbs. of nitrogen 
are added per acre of land in this way. Deposition of silts is another important 

factor but the supply from this source is restricted only to the areas irrigated with 
river water. 


The investigations outlined above were started in this laboratory in 1931 and 
the results obtained so far wiU be described in this series of papers. 

Expekimbktal 

The first experiment of the series was performed in 1932 with a few samples 
of soils collected from different plots of the Goyernment Farm at Dacca, Fifteen 
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grms. portions of air-dried and sieved soils were water-logged with the addition 
of 100 c.c. of distilled water in 300 e.c. Erlenmejer flasks. The flasks were divided 
into two sets— one set was exposed to sunlight and the other was kept in the dark. 
Determination of total nitrogen after three months showed that the soils kept in 
the light gained slightly in nitrogen while there was significant loss from those in 
the dark. The experiment was repeated several times and the previous obser- 
vations confirmed. The results of one of the experiments are given in Table I. 

Very encouraging results were obtained when similar experiments were per- 
formed with a sample of soil obtained from the district of Faridpur. In this soil 
a greenish algal growth appeared soon after water-logging and exposure to sun, 
which gradually increased in bulk and eventually became so heavy that the entire 
surface of the soil was covered with a thick growth of it. Determination of total 
nitrogen after three months showed considerable gain. As in Dacea soil, slight 
loss of nitrogen took place in the dark. 

Table I 

ShowiTig the fixation of nitrogen in Dacca and in Faridpur soils under waierdogged 

conditions 


(Nitrogen as p, p. m.) 


Soil 


N at start 

N after exposure to sunlight 

Dacca. 

Plot North Hazi 

' , ■ 1 

900 

952,924,933,925. 

Plot East Ravina . 

• » ^ 

1312 

1344,1325,1325. 

Faridpur 

* 

639 

1 887, 887, 802. 


Considering the importance of the results obtained with Faridpur soil in their 
bearings on the present problem, it was proposed to repeat the above experiment 
with a large number of replicates in order to confirm the previous observations. 
Accordingly the experiment was repeated in 1933 and again in 1934, The 
results of the latter experiment are given in the following table. 

Table II 

Showing the fixation of nitrogen in Faridpur soil 


N as p. p. m. 

N at’start 

N after exposure 

635 

1 

784, 829, 802, 847, 856, 847, 865, 811. 
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In order to observe the influence of temperature and other environmental 
conditions on the fixation of nitrogen, the above experiment was performed both 
ill the summer and in the winter but no appreciable differences were observed in 
the amounts of nitrogen fixed under the two conditions. 

Attempts were next made to account for the low nitrogen fixing capacity of 
Dacca soil. It will be noticed that there was a heavy growth of algae in Faridpur 
soil exposed to light in which considerable fixation of nitrogen also took place. 
On the other hand the growth in the corresponding Dacca soil was very poor and 
absolutely no growth appeared in any of the soils kept in the dark. And in these 
cases, little or no fixation of nitrogen took place; It was, therefore, thought that 
these algae play an important role in the fixation of nitrogen and their failure to 
develop in Dacca soil is the cause of its low nitrogen-fixing capacity. Two reasons 
may be suggested to account why the growth was so poor in Dacca soil : the orga- 
nisms themselves may not he present in the soil in an active condition or the con- 
ditions of the soil might not be favourable for their growth. If former is the cause, 
there should be an increased fixation of nitrogen in the soil if it is inoculated with 
the appropriate organisms. But if the latter, no such increase will take place. 
This was tested by water-logging and exposing to sunlight 15 grms. portions of soil 
(14 grms. of Dacca soil + 1 grm. of Faridpur soil) and determining total nitrogen 
at the end of the experiment. The amounts fixed under these conditions were 
not vsensihly different from those fixed in Dacca soil alone. Obviously the con- 
ditions obtaining in Dacca soil were not favourable for the growth of the orga- 
nisms supplied with Faridpur soil. On comparing the properties of these two 
soils, an important difference was found in their reaction. Whereas, Faridpur 
soil is slightly alkaline (pH 8*2), Dacca soilis acidic (pH 4*9). Suspecting that 
the low pH of Dacca soil was the factor inhibiting the growth of the organisms 
responsible for the fixation of nitrogen, 15 grms. portions of the soil were water- 
logged after addition of 1 grm. of CaCOa and the mixtures exposed to sunlight. 
Soon a growth similar to that observed in Faridpur soil appeared in the cultures 
and the determination of nitrogen showed considerable increase (Table III). It 
is, therefore, clear that the organisms were already present in the soil but they 
could not grow owing to the acid reaction of the soil. 

Table III 


Showing the fixation of nitrogen in Dacca soil after treatment with CaCOs 

Nitrogen as p. p. m. 



N at start 

N after exposure to sunlight 

Dacca soil 



Plot Norih Hazi 

821 

1073, 1073, 1017, 989, 1026. 

Plot East Ravina 

1296 

1428, 1630*, 1700*, 1678*, 1587* 



1730*. 


* Exposed to sunlight for 7 months ; the remaining cultures were exposed for 
3 months^ 


'te£ problem of Me Nitrogen supply oe rice, i 224{ 

Next, in order to ascertain whether the fixation of nitrogen in the water 
logged State IS a special property possessed only by Dacca and Naridpur soils or 
by the nee soils m general, a number of rice soils were collected from different parts 
ol India and^the fixation of nitrogen in them was studied, the procedure beia« 
identieal with that described before. The result are given in Table IV. 

Table IV 

Shomrig thefixation of nitrogen in digereni soils 


Soil 


Rajsliabi, Bengal 
Biiagalpur, Bihar 
Coimbatore, Madi*as 
Raipur, C. P. Dorsa 
Raipur, C. P. Matasi 
Karjat, Bombay 
Rangpur, Bengal 
Insein, Burma 
Sylhet, Assam (B) 
Sylhet, Assam (C) 


pH 

, H . 

at 

start 

, , 

after 

exposure 

j 

Gain 

8*20 

1009 

1402 

333 

8 • 45 

940 

1270 

330 

8*13 

789 

1064 

275' 

7-76 

849 

901 

112 

7 * 03 

448 

540 

■ 98 

7*00 

588 

'J23 1 

135 

6*20 

103<> 

1185 i 

149 

5*10 1 

562 

641 ! 

79 

4*95 ’ 

1097 

1138 i 

41 

4*98 

1666 

1577 1 

11 


sDafii, was aetermuied both by 

Kjeldahl method modified to include nitrate and by the ‘ wet digestion ’ method 
oi Srimvasan [1932]. 

The results in Table IV show that considerable amount of nitrogen has been 
fixed in the soils having slightly alkaline reaction. In these soils, very heavy 
growths, similar to that observed in Faridpur soil, appeared soon after water- 
logpng. In some cases, the growths were so thick that the entire soil mass re- 
mained embedded within them. On the other hand, little or no growth was ob- 
served in soils with lower pB, though on the addition of lime, even these soils 
Jowed good growths. It appears very probable that the growths appearing in 
the different soils are not alike. There is considerable difference in the shades of 
their colour. Growth from Dacca soil was nearly colourless, from Coimbatore 
soil brown, from Faridpur soU light green while those appearing in Rajshahi and 
Bnagalpur soils were deep green. 

It was next intended to see whether on treatment with Ume the nitrogeu- 
fixmg capacities of the soils specially of those having low pH could be improved 
as has been done in the case of Dacca soil. For this purpose 15 grms. portions of 
each of the foUowing sods were mixed with 1 grm. of CaCOs and the mixtures water- 
logged in the usual way. In every case, the growths were much better than in 
the imtreated soUs. The results (Table V) show the beneficial effect of lime on 
the fixation of nitrogen in water-logged soils. 
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Table V 


Showhig the effect of lime on the fixation of nitrogen. Nitrogen as p. p, m. on air-- 

dry basis. 


Soil 

N fixed 

without lime 

[ 

with lime 


Syihet, Assam (B) . . . , 

41 

116 


Sylhet, Assam (C) . ^ 

11 

142 


Bangpur, Bengal . . . . . 

149 

205 


Insein, Burma . . . . . 

79 

138 


Karjat, Bombay . . . , 

135 

1 ■ . 

! 

308 



On the nature of the organisms responsible for the fixation of nitrogen 

IN WATER-LOGGED SOILS 

From the observations made with Dacca and Faridpur soils, it is evident 
that the fixation of nitrogen in water-logged soils is not a bacterial process. For, 
if it were bacterial, not only fixation would have taken place in the dark but 
perhaps greater amount would have been fixed under this condition than in the 
sunlight on account of the germicidal property of the latter. The following 
experiment shows that bacteria actually fix more nitrogen in the dark than in the 
light. 

A number of Erlenmeyer flasks each containing 100 c.c. of Ashby’s solution 
were each inoculated with 1 grm. of Faridpur soil. For experiment in the dark, 
the flasks were painted outside by a thick coating of Japan Black and covered 
with small beakers similarly painted. The flasks were exposed to sunlight for 
two weeks after which total nitrogen was determined. The results are given in 
the following table. 

Table VI 

Showing the influence of sunlight on the fixation of nitrogen by bacteria 


JST as mgrm. fixed per 100 c.c. of Ashby’s solution 


Dark 


Mean 


9-1 

8-5 

6*7 

8*1 

10*1 

8*5 


Light 


6*0 

5*7 

6*4 

8*6 

8*5 


7*1 
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It was next tlioiiglit that the algae that appeared in the soils on water-logging, 
are the active agents. To ascertain whether these algae actually possess the power 
of nitrogen-fixation, a little growth from Faridpur soil was inoculated into a medium 
containing the necessary minerals but no combined carbon or nitrogen and the 
solution exposed to sunlight. Within a week, a greenish growth was appearing 
at first on the inner bottom of the flasks but gradually rising up to the surface of 
the solution. At the end of two months scattered growths, both floating and 
submerged, were seen tliroughout the solution. The growths were slimy, pale 
green in colour and had large bubbles of gases enclosed within their mass. Deter- 
mination of total nitrogen showed an average fixation of 3 -6, mgrm. of nitrogen 
per 100 c. c. of the culture solution. From this experiment, as well as, from the 
observations that considerable amount of nitrogen was fixed in those cases where 
algal growth was abundant, it is concluded that the fixation of nitrogen in water- 
logged soils is an algal process. But as the above experiment was performed 
with crude cultures, it is not possible to say at present whether the fixation is 
brought about by algae themselves or by algae working in symbiosis with bacteria. 
The first step in the settlement of this question is obviously to obtain the different 
species of algae in a state completely free from bacteria. The individual species 
may then be tested for their nitrogen -fixing power. Attempts were accordingly 
made to purify the algal cultures by successively sub-culturing them in amedium 
free from combined carbon and nitrogen. The composition of the medium is 
given below. As this medium is not suitable for the growth of bacteria and 
other non-nitrogen-fixing organisms, it was thought that they would be eliminat- 
ed after a few sub-cultures. 

K 2 HPO 4 . . . . .... . . 0-5 grm. 

MgSO^, 7HaO . 0 * 2 grm. 

CaSO^ . . 0*1 grm. 

FeP 04 • • • • • • • . . . 0*1 grm. 

Ca 3 (P 04)2 . . . . . . . . . . 1-0 grm. 

FeClg . . . - . . . • - • Trace. 

HaO (glass distilled) . . . - . . . * 1000 c.c. 


Sub-cultures were made by transferring ascepticaUy one drop of a thorough- 
ly shaken suspension of the growth from the previous culture to 100 c. c. portions 
of sterilised medium. The amounts of nitrogen fixed by different sub-cultures 
are shown in the following table. 


1244 


INDIAN JOUENAD ON AGEIOULTDEaI. SCDlNCfi 


ivi, n 


Table VII 

Sliming the amounts of nitrogen fixed by different sub-cultures 


N as mgrm. fixed per 100 o. c. of the medium 


First subculture . 

, 

. ' 

, 

, 

. 

, 

3-6 

Second 

>9 


. 

. 

. 

• 

• 

2-6 

Third 

*9 

. 

. 

• 

« 

, 

. 

7*6* 

Fourth 

99 

• 

. 

. 

. 

. 

• 

2*2 

Fifth 

99 

• 

* 

• 

• 


• 

2'*1 


Several of the above cultures were kindly examined by Professor P. E. Pritsch, 
P.R.S., of the Queen Mary College, London. The following extract from his 
report will show the conditions of the cultures after purification. Referring to 
the fifth sub-cultures, Professor Pritsch says : 

“ Tube ISTo. 1 contains a blue-green alga, together with what I take to be a number 
of fungal hyphse and a good deal of an undeterminable green unicellular alga. The 
blue -green alga, which makes up the bulk of the sample, is a species of Phormidium 
closely related to P. orientate West. It difiers from the published descriptions in 
narrower width, shorter cells, and the pale colour of the trichomes. Very occasional 
threads, however, have the elongate cells of the type. I should be inclined to suspect 
that the shortness of the cells might be a result of rapid cell-division under cultural 
conditions and would, therefore, regard the material as a cultural form of Phormi- 
dium orientate shoynug the difierences above enumerated.” 

He has further reported that ‘ several of your cultures also contain Bacteria 
and perhaps Fungi 

Consequently it is not possible to say at this moment whether the fixation 
of nitrogen in water-logged soils is the result of the activities of algae alone or of 
algae working in symbiosis with either bacteria or fungi. The author hopes to 
carry out this work further in the laboratory of Professor Pritsch and the results 
that will be obtained there will be published in a separate paper. 

SxJMMABy 

(1) Several rice-soils collected from different parts of India were studied 
vrith regard to their power to fix nitrogen under water-logged conditions. 

(2) Fixation of nitrogen took place in all of the soils examined, when they 
were water-logged and exposed to sunlight for three months. 

(3) Soils having slightly alkaline reaction fixed much more nitrogen than 
those with lower pH. In the former soils, a heavy algal growth appeared soon 
after water-logging but in the latter the growth was much poor. 

(4) The addition of calcium carbonate to the soils having acid reactions sti- 
mulated both algal growth and also nitrogen fixation. 


♦ Exposed to sunlight for 11 months ; the rest were exposed for 2 months. 
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(5) It iias been shown that bacteria fix more nitrogen in the dark than in pre- 
sence of sunlight. 

(6) From the evidences available, it is concluded that the fixation of nitrogen 
in water-logged soils is an algal process, though it has not yet been possible to de- 
cide whether the fixation is brought about by algae alone or in symbiosis with 
other organisms. 

The author s thanks are due to Professor J. C. Ghosh for iiis interest in this 
work, and also to the Imperial Council of Agricultural Eesearch for their financial 
help. 
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iNTRODXrCTION 


The following account is the result of hybridization studies in earliness in 
crosses made in rice for achieving economic ends. Data have been accumulated 
up to the Eg stage, and a few strains of promise have been extracted. All along 
the course of the work, earliness was one of the chief bases of selection, hence 
close study of the inheritance of earhness had to be pursued. The results are 
reproduced here because, except for two papers by Ramiah published in the 
previous numbers of this [Ramiah, 1933], elaborate presentation of 

data on inheritance of earliness in rices in India is not easily available, due firstly 
to the paucity of presentable data, and secondly to their being scattered in diifferent 
departmental reports and bulletins which fail to command the attention of workers 
in India and abroad. This work, which differs in certain respects from Ramiah’s 
work, will, therefore, be of interest to workers in other parts of India and abroad. 

Two kinds of crosses were made, viz., {!) Between ordinary open-eared types, 
(Economic crosses) ; (2) Between open-eared types and enclosed-eared types {Sathi 
crosses). 

In the present paper the results of only the former group are- presented. 

The economic crosses were made, in each case, between an early and a late- 
ripening type. What we mean by an early or a late-ripening type has already been 
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explained in an earlier publication [Sethi, SetH and Mehta, 1936], which besides 
explaining this point, deals with the relation of flowering to ripening. It has not 
generally been pointed out that the ripening period (i.e,, the interFal between 
flowering and ripening) varies in different varieties. Usually it has been stated 
that it is constant for all varieties. This is not true of the United Provinces rices. 

Literature review 

Earliness has been a subject of study in different crops by several workers. 
These studies have shown that earliness may be inherited in different ways even in 
the same crop. Usually it has been found that the is intermediate between 
the parents, its earliness often being near one or the other parent. The E 2 shows 
great variation and may or may not show grouping into definite classes. In Eg 
and later generations, families with different flowering durations can be isolated, 
thus indicating definite segregation into different classes of earliness. To mention 
the work of some of the important workers, the name of Farrer [1898] may be 
mentioned first as being one of the first in the field. He found earliness to be 
intermediate between the parents in wheat. Biffen [1905] found earliness dominant 
in an interspecific cross between an early Polish and a late Rivet wheat. 
Earlier Mendel had found that the Fi was intermediate in time of ripening in pea 
[Bateson, 1909]. Keeble and Pellew [1910] demonstrated a dominance of lateness 
over earliness in pea, although they found that the Fj was intermediate and not 
late like the late parent. They conclude that the time of flowering, though 
inherited, is modified in its expression in the zygote by morphological 
characters . . . . Leake [1911] found in cotton that the Fj was intermediate 
between the parents, and the mean of the Fg, which was monomodal, was 
nearest the late parent. Emerson and East [1913] in a cross between a very early 
and a very late corn found that the cross produced an Fj generation strictly inter- 
mediate between the parents in duration, Fg generations with a range of variation 
from the early parent to, or nearly to, the late parent, and Fg generations with 
diverse seasons of blossoming. Caporn [1918] found in an oat cross that the Fj 
progeny was intermediate between the parents in ripening. The Fg showed much 
variation but in Fg the variation did not extend so far as that of the parents. 
Thompson [1918] studied numerous crosses in wheat and found the dominance of 
lateness in Fi. However, in Fg the majority of individuals were intermediate, but 
the distribution was not broken up into groups. The apparent dominance of 
lateness in Fi has been ascribed to hybrid vigour. Freeman [1918, 1919] demons- 
trated a partial dominance of lateness in wheat crosses. Florell [1924] in a Sunset- 
Marquis wheat cross concluded that earliness was dominant in Fg giving 3-11 to 
0*89 early and late plants, indicating one allelomorphic pair of factors, with 
possibly a number of minor modifying factors ’h 

In rice one of the first reported studies in earliness is that carried on by van 
der Stok [1910]. He found earliness dominant in F^ and a transgressive segregation 
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in Fg. Hoshino [1915] found Fi early, Fg divided into two groups, a large early 
group and a small late group. Of 340 Fg families, five were constant for early habit 
and four for late habit, while the rest were segregating. On a tri-factorial 
basis the number of pure breeding families expected would be about ten, five early 
and five late, which is nearly what was obtained. Hence Hoshino advanced a 
tri-factorial interpretation to explain the results. Ikeno [1918] reporting the work 
done on rice by Dr. Kato stated that the Fj was intermediate in earliness, and the 
Fg showed a continuous segregation due to multiple factors. Hector [Evans, 1922] 
found that the Fg hybrids of a cross between a high coloured autumn (early) rice and 
a colourless winter (late) rice segregated into two distinct periods (corresponding 
approximately to the two parents) separated by an interval of about three weeks 
during which no flowering took place. The ratio of early to late was about 3 : 1. 
Nomura and Yamazaki [1925] found the Fj later than the late parent, and the F 2 
showed a grouping into three late to one early plants. The late plants were on an 
average slightly later and the early plants slightly earlier than the late and early 
parents, respectively. The authors concluded that the inheritance in the crosses 
wasGontrolIedbythreefactors, A, B, andC, each ofwhich prolonged the shooting 
time to a certain extent, C being most and B least efficacious in this respect. Bhide 
[1926] found lateness dominant, and in the Fg of a cross and its reciprocal, the ratio 
of 2*84 and 2*75 late plants to 1 early respectively. Jones [1928] studied a 
number of crosses for earliness and found the Fi behaving very differently in the 
different cases. It was either earlier than the early parent, or nearer the late parent, 
or as late as the late parent, or very much later than the late parent. In Fg the 
population studied could not be classified with certainty into any one of the simple 
or modified Mendelian ratios. Transgressive segregation occurred, and the classi- 
fication of the F 2 on the basis of fluctuation of the maximum temperature during 
the growth season into a small early and a large late group gave a 1 : 3 ratio. In 
the F 3 one family bred almost true for early maturity, and one almost true for late 
maturity. Three families segregated into a ratio of three lates to one early and one 
family produced plants ’ in a distinct ratio one early to two mid-season to one late. 
Other families showed no definite segregation. Jones concludes that “ the data 
presented indicate that two or more genetic factors are involved in the production 
of earliness in the rices studied'’. Ramiah [1933] studied several crosses at 
Coimbatore and found that whereas the inheritance was quite simple in some cases 
showing a single factor difference between earliness and lateness, it was compli- 
cated in other cases and could be explained only under the multiple factor hypothe- 
sis. He found earliness generally dominant, but has recorded a single case where 
earliness was recessive. 

Material studied 

Seven economic crosses were studied. The results are almost alike, hence the 
description will be confined to only one cross and only the broadest outline of the 
resxdts of other crosses will be given. 



IMEBltfANCil OP EARLINBiSS IN V. 


1243 


p. sicEs, 1 

Gross No. 23 (T. 1 X T. 110 ) 

+ 1 , ^ fine-grained, early ripening variety possessing weak stem 

thereby showmg a tendency to lodge. 

fh« ^ late ripening variety with stronger stem 

fiVflfn * Tt deration to become very popular with the eul- 

tivators. Both the types are among the selected typos of the United Provinces 
rices. 

The aim of the cross was to isolate — 

(1) Early types, heavier in yield and better in stand than T. 1 T. 1 on 
account of its long grain breaks easHy during huffing, and perhaps a slightly 

coarser grained type would get hulled better. F fe O' 

or rl? finer grain than the coarse grained T. 110, and with a 

sligntly shorter duration. 

The cross was made first in 1929, and later repeated in 1931. The flowerin-r 
durations of the two types and the P^ as observed in 1932 were as follows : 

Days’ 

T. 1 

* • • • • • . . . 89 



* * • 119 

Thus, the parents differ from each other by forty-two days. The E, is inter- 
mediate but IS very much nearer the late parent than the early one, indicatin'^ the 
dominance of lateness. > o 

The Pa and the parents grown in 1931 gave flowering durations stated in Table 


Table I 

Mean, flowering durations in and 'parents in 1931 


Culture 

hTumber 

of 

individuals 

Mean 

flowering 

duration 

Coefiieient 

of 

variation 

T. 1 . . . . 

T. 110 ... 

F, . . . . 

192 . 

259 

865 

88-6 

132 vO 

116*8 

2-45 

0-54 

10-88 


The mean flowering duration of Pg is again intermediate between the two 
parents, but very much nearer the late parent. The P^ flowered in two distinct 
flushes, one early and other late. Table II gives the frequency distribution of the 
flowering durations, and Pigure 1 gives the corresponding bimodal curve. 


MMimmMm 
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Table II 

Fteque^ncy distribution of flowering duration in Types 1 and 110 and in in 1931 


Flowering Duration 


0 

1 











1 

[ 


) 





[l30 




S2 ! 

1 

85 

88 

91 

94 

97 

100 

103 ' 

106 

i 

109 

112 

1 

115 

118 

jl21 

124 

127 

130 

133 


139 

1 Total 

T. 1 

3 

22 

93 

64 

10 



... 


... 



... 



... 





192 

T. 110 


... 


... 

] 



... 


... 

... 


... 


... 


76 

183 



259 

F. 

5 

19 

15 

38 

! 

32 

35 

24 

11 

i 

1 

1 

1 

27 

128 

218 

1 

115 

114 

55 

18 

4 

4 

865 


The modes of the early and the late groups in Fg do not coincide with the modes 
of the respective parents, but show a shift towards the middle, as is apparent from 
Fig. 1. 

F2 



Fig. 1. Frequency distribution of Fg and parents for flowering duration. 


The early segregates hardly transgress beyond the parental limit on the early 
side, but a majority of them occupy a position later than the mean of the early par- 
ent. Similarly in the late segregates the transgression beyond the late extreme 
is very limited, but the majority of the segregates are earlier than the late parent. 
The various mean durations are indicated by arrows in Fig. 1 and are given along 
with their standard errors below. 

T. 1 . . . 88*6 ± 0-1567 

T. 110 . . . . . . . . . 132-0 ± 0-0443 

Early segregates . . . , . , . . 93*8 i 0*4166 

Late segregates . . , ... . . 122*9 ± 0.1816 
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The difference between the mean duration of T. 1 and of the early Fg segregates 
is 5 -2 days, and the corresponding difference for the late parent and the late segre- 
gates is 9 • 1 days. These differences are statistically significant as indicated by the 

high values of in means. 

^ itsS. E. 

T. 1 and early segregates : 

5-2 


Thus ration- 

T. 110 and late segregates t 

. 0-1 

Thus ratio = 


= 11-6S 


=48*72 


Vo •04432+0 -18162 

Thus there has been a definite ‘ shift’ in the mean durations of the tiFO 
phenotypes. 

Table II as well as Mg. 1 show the dominance of lateness in the E 2 . The 
frequencies are 

\ Early Late Total 

Observed . . . . . . . , 182 683 866 

Calculated on 1 : 3 basis . . . . . 216*26 648*75 


Deviation 

Deviation 


Standard Error 


} 


34*26 

34*26 

12'*"74 


=2*69 


The frequencies suggest a 3:1 ratio of late and early plants, although the 
deviation from expectation is greater than would be caused by chance. However, 
the E 3 and the subsequent generations, as will be shown later, showed the split 
into a simple 3:1 ratio, and the deviations were always within the limits of 
random sampling. 

Fq Generation , — ^The Eg generation consisted of 173 families in this cross. 
The dominance of lateness was confirmed in this generation. Out of the 173 Eg 
parents 46 were from the early group and 127 from the late group. The Eg families 
from the former all gave only early plants. Of the lates 67 families gave oxi\y late 
plants and 60 families segregated into earlies and lates. The totals from these 
segregating families and the corresponding figures expected on a 3 : 1 basis are as 
follows : 

Lates 

Observed • , . , . . . . 6,164 

Calculated . . , . , . . • 6,110*5 

Deviation • . . , . , . 

S.E ; 

Deviation 


The figures are within the range of expectation 


■1 


I 

■ I 




'm 


■1 

■ffm 

tH 

■ 

' 

- 
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Ona3 : i basis it would be expected that out of the 127 late Fg plants, 
about two-thirds eighty-five) would segregate in the Eg, and the one-third 
(i.e., forty-two) would give only late plants. Actually the numbers of segregating 
and pure’*' late families are 60 and 67, respectively. This wide departure from the 
expected result will be referred to later and an explanation given. 

The Eg plants of each family were individually noted for flowering duration. 
The plants were properly numbered in the field with tags and the date of flowering 
of each plant was noted separately. The data of a few of the representative families 
of each of the three groups (viz., pure early, pure late and the segregating groups) 
are summarised in Table III. 

Table III 


Segregation in some of the Eg families of Gross T, 1 X T* 110 for flowering. 


Katuie of 

parents 

Segrega- 
tion 
in Es 

Fa 

Family 

Xo. 


F. 

3PIowermg 

Segregating 

Families 

Total 
Xo. of 
Plants 

Percentage 
of early 
plants 

Dura- 

tion 

Eange 

Period 

Mean 

Dura- 

tion 

Eaiiies 

Dates 

Early . 

Pure early 

18 


78—94 

17 

84 

... 

... 

121 


M 

ft 

62 

91 

78—94 

17 

90 



112 



ft 

114 

102 

8^94 

11 

90 



109 



*» 

150 

88 

78—94 

17 

81 

... 


94 

... 


ft 

242 

85 

78—91 

14 

86 



105 



ft 

255 

90 

78—100 

23 

90 



115 


» 


203 

97 

78—103 

26 

89 



115 

... 

>» 

ft 

320 

87 

81—91 

11 

83 



116 

... 


tf 

833 

91 

i 84—97 

14 

88 



116 



tt 

336 

96 

84r-103 

20 

92 


... 

mm 


’■ »> 

ft 

404 

90 

78—106 

29 

90 


... 

107 


if 

tt 

433 

98 

CIO 

T 

g 

32 

93 


... 

90 


ft 

it 

486 

98 

81—91 

11 




115 


ff 

it 

646 

87 

81—91 

11 

85 

... 


114 

... 

ft 

tt 

683 

87 

78—106 

29 

87 



128 

... 

ft 

tt 

869 

93 

1 

81—91 

11 

87 

... 

... 

118 


Late . 

Segregat- 

12 

1 

126 

V 

... 

... 

26 

88 

113 

22*1 

99 

ing. 

99 

61 

121 

... 


... 

28 

74 

102 

27*6 

.. . 99 ■■■■ 

99 

62 

123 



... 

31 

87 

118 

26*3 

■ 99 


187 

120 

... 

... 


29 

69 

98 

29*6 


♦The term pure is used here not in the sense of genetic purity (homozygosity), 
but only to distinguish Eg families which gave only late or only early plants from those 
which threw both types of plants. 
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Percrntage 
of early 
plants 


Tke segregation into early and late plants was, in every case, very definite and 
clear-cut, the interval between the upper extreme of early group and the lower 
extreme of late group being in most families, well over a week. Intervals of two or 


nmfmstiS 


mmtim 


F« Flowering 


Katnre of Segrega- 
Ft tion 


Segregat- 

ing. 


Lw' 

0. 

F, 

Dnra- 

tion 

Eange 

Period 

Mean 

Dura- 

tion 

216 

125 

... 

•«. 

... 

256 

121 


■ ... 


S16 

119 


... 


846 

118 



... 

377 

121 

... 



398 

123 


... 


494 

121 


... 


616 

122 


... 


627 

127 


... 

... 

610 

120 


... 

... 

670 

120 




747 

123 




806 

121 




847 

117 



... 

2 

130 

129—189 

11 

133 

21 

130 

123—136 

14 

129 

27 

134 

126—142 

17 

135 

46 

123 

117—142 

26 

124 

66 

130 

129—133 

6 

132 

121 

123 

120—130 

11 

125 

151 

121 

117—130 

14 

123 

179 

128 

129—148 

20 

133 

219 

129 

129—136 

8 

133 

244 

121 

114—124 

11 

119 

334 

127 

129—139 

11 

134 

351 

182 

129—148 

20 

140 

373 

126 

120—186 

17 

127 

397 

129 

129—136 

8 

136 

485 

126 

114—133 

20 

124 

661 

127 

123—133 

11 

127 

895 

127 

126—133 

8 

180 


Segregating 

Families 

Total 

^ t ^ No. of 

Earlies Lates Plants 
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tbree weeks were common. In fact in many of the families some of the early 
segregates were almost ripe before the late ones started flowering. The classifica- 
tion of plants into earlies and lates in the segregating fa m ilies was thus very easy, 
the rather long period of InU leaving no element of donbt regarding the accuracy 
of the classification. 

The interval between the begmning and the finish of flowering in a culture and 
referred to as flowering period in Table III (Column 6) gives a true picture of the 
homozygosity of a family. Those which had flowering periods greater than those 
of the pure Unes may be called heterozygous. The pure lines have been observed 
to take usually from seven to ten days to complete the flowering, though sometimes 
due to climatic or soil factors the period may be extended to fourteen days or even 
more. A period of thirteen days or less should be taken as an index of homozy- 
gosity, as the observations with pure lines as weU as homozygous-looking hybrid 
families would lead us to assume. On this basis the number of homozygous families 
was found to be only twenty- three out of a total of 172, i.e., 13*4 per cent of the 
whole ; of the forty-six early families only five were homozygous, i.e., 10 • 9 per cent 
only. It wiU be shown later how the percentage of homozygous families increased 
rapidly from one generation to the next. 

Relation between F 2 and durations 

correlations . — ^An attempt was made to find out how far the variations 
observed in the F^ generations were reproduced in Fg ; in other words, it was desired 
to know how far the variation observed in Pg was genetic. Information on such a 
problem is best given by the study of correlation between the two generations. 
Therefore, coefficients of correlation were studied between the F^ flowering dura- 
tions and the corresponding Fg mean durations for both early and late families. 
Fig- 2 illustrates the correlation which exists between the two generations. In Fig. 2 
each dot represents a family, its position indicating the mean value of the family 
and the duration of its Fg parent. The arrangement of the dots indicates the exist- 
ence of positive correlations in the early, as well as the late families. The two co- 
efficients and their standard errors are -f 0-4860 ± 0-114 and +0-9254 + 0-018 
for the early and late groups, respectively. The number of paired observations was 
forty-six in the case of the early families and sixty-six in the case of the late families. 
Reading the significance of the observed correlations from Table V A of Fisher 
[1932], we find that for n^40 or 60, these values show that P is less than 0*01 ; 
therefore, the correlations are definitely significant. They thus indicate the fact 
that the variation observed in Pg was, in a great measure genetic. The wideness 
of space between the early and the late groups in Fig. 2 shows the difference in 
time of flowering in early and late families and recalls a similar wide difference 
existing in the parents themselves. 
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Fig. 2 is a very apposite illustration of parent-progeny correlation. Mention 
has been made of the inheritance of Fg variation in Fg in rice by other workers in 
India, but as to the intensity of the relation between the two generations, adequate 
data have not been presented so far. The magnitude of the work necessary for 
collecting such data is great and may account for the deficiency of such an in- 
formation. The data given above seek to make up for this deficiency. 

Relation between Fg dubation and F3 bbhavioxjb 

It has already been stated that the early Fg segregates gave only early plants 
in Fg. Of the late segregates those that segregated into earlies and lates inFg 
flowered, on the whole, slightly earlier in Fg than those which gave only late plants* 
In other words, the impure lates were, on the whole, earlier than the pure lates. 
This difference, though definite, is not clear-cut, because the ranges within which 
these two types of Fg lates vary overlap each other considerably as will be seen from 
Table IV prepared from figures given in column 4 of Table III, 
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Table IV 

Distribution of flowering duration of the selected Icd^ plants 


[VI, m 


Niim]3er of 
parents 


Impure 

Jates. 


Pure Dates 


Elowermg duration in days 


Mean 

S. E. 
of 

Mean 

Mean 

differ- 

ence 

U6 

117 

118 

119 

i 

120 

121 ! 

122 

123 

124 

126 

126' 

'127 

128 

129' 

130 

131 

132 

133 

134 

flow- 

ering 

dura- 

tion 

2 ' 

8 

2 

3 

8 

15 

10 

10 

1 

1 

4 

^ 

3 

1 

1 





_ 

121-72 

0-369 

6-17 






2 

1 

14 

2 I 

" 3 ” 

i ^ 

7 

10 

10 

9 

E 

2 



126-90 

0-387 


Tke difference between the two groups, viz,, 5-17 days, is statistically signi- 
ficant, being about ten times the standard error, as shown below 

Difference 5*17 


S. E, of difference 


=9-667 


\/ 0-3692 + 0-3872 
This establishes the fact that the impure lates are, on the whole, earlier than 
the pure lates. The wide overlapping of the flowering duration figures in the two 
cases will be explained later. 

How does the above relation between the constitution of the late E2 hybrids 
and their durations affect the flowering data of the E3 generation ? On a little 
thought it will become evident that such a relation will affect the flowering periods 
of the late hybrids of pure late and the segregating families in the following way. 
The late plants of the segregating families will be of two kinds, viz,, impure lates 
and pure lates. Now, since in a family the former tend to give shorter flowering 
durations than the latter, the result will be an extension of the flowering period of 
the late plants in the family. On the other hand, the flowering periods of the pure 
late families will be shorter as these families do not possess ‘ impure ’ plants 
with a tendency towards shorter flowering duration. That this actually happened 
in F3 was clear from a study of the various families as shown in Table V . It gives a 
comparison of the flowering periods of (1) the late plants from segregating families 
and (2) the late plants from ‘ pure ’ late families. 

Table V 

Comparison of flowering periods of late plants from segregating and * pure ^ late 


j Flowering period in days 

No. 

of 

fami- 

lies 

Mean 

flower- 

ing 

period 

Nature of 
Fg families 

6 

8 

11 

14 

17 

20 

23 

26 

29 

32 

'Segregat- 

ing’ 


1 

* ii 

6 

10 

21 

13 

7 

2 


60 

' ' 

20*36 

‘ Fure ’ 

2 

4 

14 

10 ! 

16 

10 

2 

2 

.. ' 1 

66 

16-23 


Mean 

differ- 

ence 


5-12 
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It will be seen that the mean flowering period of the ‘ segregating ’ familiAs is 
greater (20-35) days than that of the ‘ pure ’ late families (16-23 days). The mean 
difference, viz., 5-12 days is statistically significant (about 19-45 times its standard 
error) wMch is rery Mgh. 

An explanation may now be given of the wide departure from expected 
numbers of the segregating and pure late families. It was stated on page 12 that 
the two kinds of families were 60 and 67 in number, respectively, although on a 
3:1 basis the numbers ought to have been 85 and 42. The explanation is supplied 
bythefaotgivenabove,j;iz., that the impure late plants have shorter flowering 
durations than pure late plants. The mean flowering duration of the late plants 
which were selected for the Pg generation was greater than that of the unselectod 
P 2 population of late plants. That means that the selected Pg plants were in a 
greater number of cases ‘pure ’than would have been the case if the selection 
were quite random. The difference in the flowering durations of the selected and 
imselected Pg late plants is shown in Table VI. 


Table VI 


Frequency distribution of unselected and selected late Pg plants 


Fg plants 

Flowering duration in days , 

Total 

Mean 

duration 

115 

118 

121 

124 

127 

130 

133 

136 

i 

139 

XJnselected lates 

27 

128 

218 

115 

114 

55 

18 

4 

4 

683 

122 *94 

Selected lates . 

2 

8 

! 32 

31 

28 

20 

5 

— 

•• 

126 

126*69 


The mean difference in Table VI is quite significant. The mean duration of 
the selected late plants is almost the same as that of the ‘pure’ late plants given 
in Table IV, which is 126-90. The bias given to the selection whereby it included 
a greater number of pure late plants than would have occurred if chance alone 
operated explains why in the Pg there was a preponderance of ‘ pure ’ late families. 

The comparative precocity of the ‘ impure ’ late plants is of some practical 
significance. One of the aims of the cross was to evolve late types which were 
earlier than the late parent. Now, since the ‘ impure ’ late plants have a tendency 
to flower earlier, selection of the earlier plants from ‘ segregating ’ faTniliRg in the Pg 
or later generations would almost always result in segregation into early and late 
plants in the next generation. Hence, during the selections this fact had to be 
borne in mind, and greater importance was attached to the earlier plants of the 
‘pure ’ late families than to those from ‘ segregating ’ fe,milies. 

Ft generation.-~Fi£tj-two early Pg plants and sixty-one late Pg plants were 
selected for raising the P 4 generation. The early plants again gave families con- 
sisting of early plants only. The flowering periods of the families were, however, 
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shorter than those of the F3 families. The average for the fifty- two families was 
15'50 days, while the average for the Fg families from which the parents for these 
F4 families came was 18*96 days— a difference of 3*46 days. An examination of 
the figures shows that this difference is due both to an increased number of pure 
(homozygous) families in F4 as well as to the reduction of flowering periods of 
impure (heterozygous) famihes. 

Of sixty-one late selections, thirty-six gave only late plants in F4, while 
twenty-five segregated into late and early plants. The total frequencies of the 
latter are : — 


Lates Earlies Total 
Observed . . . • • * * * 964 350 1,314 

Expected on 3 :1 basis . • . • . 985*5 328*5 

Deviation • 21*5 

S.E. . . 15*7 

Deviation , .oco 


i.e., the frequencies are according to expectation. 

The number of homozygous families had increased considerably. For 
example, of the fifty- two early F4 families, seventeen had flowering periods of 
thirteen days or less, ^.e., they were pure for flowering. That comes to 32-7 per 
cent of the total number of early families as against 10*9 per cent of early 
families in F3 (page 1254), i.e., an increase of about 300 per cent. 

In the F4 stage families with very narrow range of flowering as weU as with 
wide range were obtained. Segregation had, besides, produced famihes with 
distinctly different mean flowering durations. A few of the families are illustrated 
in Fig. 3 which shows the flowering distribution of four early F4 families, viz,, 
70-66, 220-3, 14-45 and 512-91, the last of which shows a narrow range and is pure 
while the first one is distinctly impure. The other two are showing shorter 
ranges than family 70-66 but are impure. 



Fig. 3. Four F 4 early families with different mean durations. 
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Fq genemtion.—ln this generation there was a farther increase in homozy- 
gosity. Out of thirteen F 5 families derived from early F 4 families, six were homo- 
zygous for dowering, showing ranges of seven to ten days while one with a range of 
thirteen days was of doubtful homozygosity. The rest possessed flowering periods 
of fifteen to seventeen days. The mean period for these thirteen F 5 families was 
12*0 days, compared to 15- 1 days, the mean flowering period of the corresponding 
F 4 families. 

Genetics of the crosses 

The foregoing facts can be explained by the following scheme of inheritance. 
The early type is assumed to have the constitution aaBBcc and the late typo 
AAbbOC. C is the factor for lateness which completely dominates over A, a factor 
for eaiiiness present in the late type. B is another factor for earliness present in 
the early types. This is also recessive to C but not so completely as A, and gives 
with C plants slightly earlier than the late parent. The cross can be represented 
thus ; 


T. 1 


T. 110 

aaBBcc 


AAbhCC 



AaBbCc 


Fa 27 

ABC 

Late 

9 

ABc 

Early 

9 

Ab C 

Late 

9 

aB C 

Late 

3 

Abe 

Early 

3 

a B c 

Early 

3 

ab C 

Late 

1 

ab c 

Early 

Thus lates : earlies are 48 : 16, or 3 : 1. 

F, is slightly earlier than T. 110, because 


of the presence of B. Similarly in Fg the majority of lates possess the factor B, 
viz. 27 A B C and 9 a B C, and are consequently slightly earlier than T. 110. The 
‘ shift ’ in the late segregates towards the middle can thus be accounted for. 
Similarly the shift in the early segregates can be explained if we assume that the 
factor A for earliness causes a slightly delayed earliness than that of T. 1, both 
alone and in the presence of B. Thus in the scheme out of the sixteen earlies; 
twelve possess the factor A and are, therefore, later than T, 1. 

Before explaining the data on the basis of this theory let us first analyse the 
behaviour of the different genotypes. 

The twenty-seven different genotypes, consisting of sixty-four Fg individuals 
will breed in several different ways. Classifying them broadly in to three divisions, 
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viz. (i) tho 38 which give only late plants, {ii) those which give early as well as 
late plants {Hi) those which give only early plants in Fg, they can be arranged as 
below •* 


(i) Genotypes which give 
only late plants 
in Fg 

(ii) Genotypes which seg- 
regate in Fg into early 
and late plants 

(iii) Genotypes which give 
only early plants 
in Fg 

1 , (a) 1 AABBCC 

1 (b) 2 AABBCc 

2 . (a) 1 AABBcc 

1 . (c) 2 AABbCC 

1. (e) 4 AABbCe 

2. (b) 2 AABbcc 

1 . (d) 2 AaBBCC 

1. (f) 4 AaBBCc 

2. (c) 2 AaBBcc 

1 . (g) 4 AaBbCC 

1. (k) 8 AaBbCc 

2. (d) 4 AaBhcc 

3. (a) 1 AAbbCC 

3. (b) 2 AAbbCc 

5. (a) 1 AAbbcc 

3* (c) 2 AdfbbCC 

3. (d) 4 AabbCc 

5. (b) 2 AabbCC 

4. (a) 1 aaBBCC 

4. (b) 2 aaBBCc 

6 . (a) 1 aaBBcc 

4. (o) 2 aafibOC 

4. (d) 4 aaBbCc 

6 . (b) 2 aaBbcc 

7. (a) 1 aabbCC 

7 . (b) 2 aabbCe 

8 . 1 aabbcc 

== 16 individuals 

= 32 individuals 

= 16 individuals 


Thus about twenty-five per cent of the Fg plants should give only late 
plants in Fg , and fifty per cent should segregate in Fg. This relation was not 
realized in the Fg and the reason has already been given on page 1257, viz. that 
the selection of Fg plants was not random, for it contained a greater number of 
‘ pure ’ late plants, than would happen if chance alone operated. As a proof it 
was stated that the mean flowering duration of * pure ’ late Fg plants was 
greater than that of the ‘ impure ’ late plants, and that the selected plants had a 
flowering duration almost identical with that of the former. The shorter flower- 
ing duration of ‘ impure ’ late plants is due to the fact that they comprise 
genotypes which have only one dose of the factor C, besides most of them possess- 
ing the factor B [column (ii) of preceding statement]. The presence of the B 
factor in the genotypes consisting of pure late plants [column (i) in the preceding 
statement] also explains the wide overlapping in the flowering duration — ^figures 
of the two types of late plants, viz. the 'pure’ and ‘impure’ lates, — a fact already 
stated (page 1266). For, as stated on page 1259, B is a factor which gives the 
late plants a shorter flowering duration because of its incomplete recessiveness to 
■' the factor C. Now, six of the genotypes of the ‘ pure ’ late group contain the 
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factor B, hence they have flowering durations nearly as short as that of the 
^impure lates. On this assumption we should expect, in or later generations 
^rue breeding late famflies with flowering durations appreciably shorter than that 

ilon ^ apparently have the genetic constitution AABB0C 

or aaBBCC. In Table III (page 1253), families 121 , 244, 661, etc. belong to 
this group since their mean durations are, respectively, 125, 119 and 127 
days and their flowering periods short enough to mark the families’as pure. Such 
families fulfil one. of the important aims for which the cross was made, viz. evolution 

ot late types with durations shorter than that of T. 110. 

Although the term ‘pure’ has been generaUy used for individuals giving onlv 

early or late plants it should not be confused with homozygosity. Many oft^,! 
so called pure plants were heterozygous. Taking the late families Lt it is 
clear that plants with a constitution, say, AABbCC will give onlv lnt/» t i + ’ u 1 
be of two diff.,.,.. H„de, one Ling the iL of 
T. 110) and the other having the duration of T. 110. Ihi, »gregation trid eonee 
quently increase the flowering period of the family appreciably Similarlv ir^ ’ 
^ of the early families, thoee containing pl.ntf o/L coneL^^to „ 
iUBBce will be later than the parent although pure in the sense that t^ consist 
of homozygous plants. On the other hand families coming from nlants of 
titution AaBBCC or AaBbcc will consist of plants of different kinds some conS- 
mg the factor A and some without this factor, thus being of different durations 
Such families are, in the real sense of the term, splitting. 

TAe triple recessive hybrids :-Although in the above cross an early type (T 11 
was crossed with a late one (T. 110) some of the segregates in F F ai^?? 
eurUcr th» the ,„ly parent. In the .eheme of ileStance Lknid^haL ™ 
emtoess of the hyhnds can he eiplained only it m aesume that they are the 
triple recessive hybrids. Since the selections in the F, and the F J 
were mainly guided by economic considerations and since some of L"IaS 
plants were very poor in promise they were not included among the si!!; 
and the fact of the extra earliness of the triple recessives could not be very!^! 

ascertained atfirst. The only evidence forthcoming was that certain plants hithe 

Fg, F 4 and Fg generations flowered earlier than the T. 1 plants This rr. 1 1 i 
happen if thch^hneca could he aecdhed fo hh. abaen'ef'S 

A,BandC If this were reaUy so, and if corresponding selections were mad! 

in we should have g^ at least one or two pure early families, showing a dura 
tion shorter than that of T. 1 . Fortunately a duplicate cross Id been made' n 
1931 from which an F, was grown in 1933. Selected plants from this were us!d 
tor raising an Fg, the study of which has amply proved the above view. A part 
of the data IS given m Table VII, .a pait 
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Table 



Frequency distribution of flowering duration 

Flowering 


Gultiire No. 


Generation 
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in parental, and F^ generations 
Duration 
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In Table VIT, some of the Fg families bred from F g plants of different genotypic 
constitutions are shown. Apparently Fg famffies, No. 63 and No. 448, are from the 
triple recessive hybrids of constitution aabbcc because these families are earher 
than Tyne 1 Family 466 is from an Fg plant of constitution AABBCC and con- 
sists only of late plants, most of them earher than Type 110. Family 519 is from 
a plant of constitution AAbbCC or AabbCC and gives a duration more or less like 
that of T. 110. Of the segregating famihes, family 611 must be from a plant of 
constitution AaBBCc because the early segregates have durations of T. 1 as weh 
as longer durations and the late segregates are mostly earher than T. 110. This 
fits in with the conditions demanded by the theory advanced. Similarly family 
253 must have come from a plant of constitution AabbCc. 

The explanation of the genetics of the cross fits in satisfactorUy with the facts 
observed. It should, however, be noted that the phenotypic classification of the 
hybrids in Fg and later generations is not as simple as would be expected on a tri- 
hybrid basis, because the flowering duration is a character which is not characteris- 
ed by a clear-cut segregation usual with qualitative characters. The fluctuation 
shown by the character causes the different phenotypes to merge into each other, 
thus making it difficult to classify them clearly. Yet the genetieal behaviour of 
the cross is such as to admit of the action of only three important factors m spite 
of the fluctuations present. That the three factors do not represent the complete 
picture of the cross is evidenced by the study of later generations. The minute 
differences between families and the very gradual narrowing of flowering periods 
in successive generations, are proofs that besides the three major factors already 
described there are several minor factors deciding the heredity in the cross. The 
tri-hybrid explanation advanced has, therefore, to be taken with this reservation. 

Other economic crosses.— In essential features the data from other crosses 
were similar to those for the cross already described. In every case the Fg and Fg 
generations were studied in detail, record for individual plants being kept separate- 
ly In F 4 and Fg generations, the purity or otherwise of the different families 
was noted by repeated countings of the flowered plants on alternate days._ On 
account of the similarity of the results with those already described in detail for 
cross No. 23 (T. 1 X T. 110) it wiU be unnecessary to give the details here. Only 
the broad outlines of the results are presented. 

Fg generations . — ^They showed clear segregation into early and late plants. 
Unlike cross 23 described above the other crosses gave good fits of 3 late : 1 early 
plants. The population varied from 600 to 900 plants. The crosses studied were : 

Cross No. Parents 

21 T.landT.lOO 
24 T. 3 andT. 5 

26 T. 1 and T. 26 

27 T. 12 and T. 26 

Types 5, 26 and 100 were the late parents. 
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Fg generations. — The early Fg plants bred, only early plants in Fg, The late 
Fg plants either bred ^p^l^6’ or, segregated, into earlles , and lates. . . The number 
^^2 plants selected and their behaviour in Fg are given in Table Till. 

Table VIII , . 

Fq plants selected and tTieir behaviour inF^ 


Cross No. of 

No. Fg 

families 


Nature of 
Fjj parents 


Segregation 


. ■ Frequencies . 
Calculated' ■'Observed; 


221 55±Carly 
166 late . 


pure ’ early 
‘ pure ’ late 
segregating. ini 
3 lates ; 1 early 


36 early 
173 late 


39 early 
114 late 


pure ’ early 
‘ pure ’ late 
segregating int 
3 lates : 1 early 


‘ pure ’ early 
‘ pure ’ late 
segregating into 
3 lates : 1 early 


The frequencies of the early and late classes are given in Table IX. 

Table IX 

Early and late plants from segregating F^ families 


Gross 

No. 

No. of 
families 

Observed 

or 

calculated 

Frequencies 

Early Late 

Devia- 

tion 

Standard, 

Error 

■Dev. 

,srE‘.:, 

22 

102 

Observed 

2986 

8630 

.:.8l-25. 

46*66 

:„■ p-74'^" 



Calculated 

2903-75 

8711 *26 




; 25 

100 

Observed 

2746 

8048 






Calculated 

2698*5 

8095*5 

47*5 

44*98 

1*06 

27 

46 

Observed 

1210 

3674 






Calculated 

1221 

3663 

11 

30*26 

0*36 


It will be seen that the deviation in all the cases is within range of expectation. 
The percentage of the early plants on the total in each family was separately 
worked out in the different crosses. It was seen that the percentages varied con- 
siderably and were, in a majority of cases, between twenty and thirty. Thus in 
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crosses 22 , 23, 25 and 27, the mimber of families which had percentages of early 
plants between twenty and thirty was 206 out of 308. The mean percentages in 
the four crosses were 25-8, 24-2, 25-4 and 24-9, respectively— figures very near 
25-0, the required theoretical figure. 

generations. — The early Fg plants again bred true to early habit in F 4 . 
There were 402 early families in the crosses. The late Fg plants which segregated 
in F 4 always threw early and late plants in 1 : 3 ratio. The frequencies and 
deviations are given in Table X. The number of ‘pure’ late families was 249 
excluding the 36 families of cross No. 23, already mentioned. 

\ 

Table X 


F requencies and deviations from calculated figures of early and late plants in segre- 
gating F 4 , families 


Cross 

No. 

No. of 
families 

Observed 

or 

calculated 

Freqi 

Early 

lencfes- 

Late 

Devia- 

tion 

Standard 

Error 

I 

Dev. 

s:e7“'“ 

21 

63 

Observed 

1047 

2968 






Calculated 

1001*25 

3003*75 

45‘76 

27-40 

1*67 

22 

^1 

Observed 

648 

1918 






Calculated 

641*5 

1924*5 

6-5 

21-93 

0*30 

25 

34 

Observed 

660 

1845 ! 






Calculated 

626*5 

1878*75 

33 76 

21-66 

1*56 

27 

22 

Observed 

458 

1470 




' ' ' 


Calculated 

482 

1446 

24 

19-01 

1 26 


It win be seen that the ratio of early and late plants shows good fit in every 
case. The ^ pnre ’ families had become homozygous to a considerable extent as 
already described in cross No. 23. 

F 5 generations. — There was a total of 132 early families in all the crosses, 
35 families segregated into early and late plants, and 65 families gave only late 
plants. The frequencies of early and late plants from the 35 segregating families 
are as foEows : 

Early plants Late plants 

Observed * . . . • • 951 2915 

Calculated ..*.»* 966*5 2899*5 

Deviation • . * • • • 15*5 

15^5 

Deviation/S. E. = = 0*6 (nearly) * 

26*7 
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CoRREIiATIOH BEWEEI? IXiOWEEma AHB SOME OTHER CHARAOCTES 

A few interesting correlations between flowering duration and other characters 
may now be described. 

1. Flowering and yield, — ^Yield is a very important consideration in crop 
improvement. Since, however, it can not be judged with any degree of complete- 
ness in the earlier stages of breeding work the utmost that a worker can do h to 
exploit its correlations with the more easily recognisable features of the crop and 
thereby be guided in his selections. Securing a marked earliness alone would not 
be an achievement unless it were accompanied by good yield. The importance of 
the two characters, earliness and yield is obvious. Until the two characters 
are studied in relation to each other selection is likely to be arbitrary. In the 
collection of pure lines at the Rice Research Station, Nagina, it has been observed 
that some of the late types appear to he of remarkable yielding capacities. There 
are no doubt a few early heavy yielders, but the balance of heaviness seems to be 
inclined towards the late types. No correlation between flowering duration and 
yield has been studied in the pure lines. In the crosses, however, it was suspected 
that a positive correlation might be present in which case it would become difficult 
to combine earliness with very high yields in the hybrid varieties. It was, therefore, 
felt that a knowledge of the correlations would enable ns to judge the possi- 
bility of combining the two characteristics, and to base our selections on surer 
foundations. The results are given below : — 

In 1933 an Fg generation of cross No. 23 (T. 1 x T. 110) was harvested, grain 
from individual plants was threshed separately, and after the grain was thoroughly 
dried in the sun the weights were taken in grammes. The correlation between yield 
of individual plants and the flowering duration was calculated separately in the 
early and the late groups. The values of r and their standard errors were 
+0*0268 +0*0808 and +0*0348 +0*0472, respectively for the two groups. 
Apparently correlation was absent. The mean yield of the late hybrids was, how- 
ever, slightly greater than that of the early hybrids, but the difference was not 
statistically significant. The yield distribution of the hybrids transgressed the 
parental limits in both the directions, especially toward the higher extreme. 
The four mean values are given below : 

Culture Mean yield 

(in grms.) 

T. 1 25*89 

T. 110 33*89 

Fa Early 45*43 

Fg Late . , . . . . . . . 47*14 

The markedly higher figures in the hybrids may be due to hybrid vigour. The 
mean difference between the parents, viz,^ 8*0 grms. is statistically significanto 

2. Average yield per ear, — One of the factors which determines the yield of 
crop is the heaviness of individual ears of a plant. An average ear of T. 110 possesses 
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a very mucli greater number of spikelets than an ear of T. 1, resulting in a greater 
weight of threshed grain from each ear. It was resolved to investigate if the 
relation shown by the parents, viz. greater yield per average ear in late plants (T. 
110) compared to that of early plants (T. 1), was reproduced in the Fg hybrids too. 

In Fg the coefficients of correlation between flowering duration and yield per 
ear were calculated separately for the early and the late hybrids. The two values 
of r are +0 • 0457 and —0 * 0152. IsTone of these values is significant. That is, with- 
in the same group, the later plants do not give heavier ears. However, the mean 
yield per ear of the late group is greater than that of the early group, the two means 
being 3*22 and 2*96 grms., respectively. The difference between the two figures 
has been found to be statistically significant, the value of t' being 4*05. 

The comparison of hybrids with the parents for the character under considera- 
tion is given in Table XI. 

Table XI 

Frequency distribution of one-ear yield in parents and hybrids of cross 

T. 1 xT. no in 1933 


T. 110 (1) 1 T. no (2) I Fa hybrids 

at 


Class centres in 
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It will bo soon that tbo distribution in T. 110 oooupies Mghor oImsos than that 
in T. 1. In each tjrpo distributions of two cultures are given, one grown on each 
side of the hybrid lines in the field. The means of the four parent cultures and the 
two hybrid groups are as follows : 


T. 1(1) . 




. 



. 2*6867 grms. 

T- 1 (2) . 







. 2*4926 „ 

T, 110 (1) 




. 



'3 •7523 „ 

T. 110 (2) 




. 



. 3*6635 „ 

Ea Early 




« 



. 2*9503 „ 

Eg Late . 




. 



. 3*2203 „ 


- The mean difference between the early parent and the Fg early group, and that 
between the late parent and Fg late group are statistically significant, the earlv 
and late groups being intermediate between the means of the two parents. This is 
only a case of ' shift ’ in inheritance of the character. 

The frequency distributions of the hybrids, besides showing mean values inter- 
mediate between the parents, are showing greater ranges of variation than the 
range occupied by the parents. Thus the hybrid plants show both lighter and 
heavier ears than the parental extremes. The former may be due to an abundance 
of sterile spikelets possessed by some of the hybrids and the latter may be due to 
hybrid vigour. 

Weight of five ears. — ^In the above study the average yield per ear was obtain- 
ed by dividing the plant yield by the number of ears harvested. The inheritance 
of heaviness was studied by a different method in another F^ culture of the same 
cross in 1931. In this case, weight of five ears was taken as a character for 
study. The parental and F^ cultures were studied in the same year. 

The mean weight, range of variation, and standard error of mean weight are 
presented in Table XII. 

Table XII 


Mean five-ear weighty range of variation^ etc, in ^parental and cvMures in 1931 


Culture 

No. of plants 

Range of 
variation 
grms. 

Mean weight 
grms. 

8. E. of 
mean 

T.l 

■ 

130 

15 -6-29 -5 

23*50 

0-1894 

T. 110 . 

130 

23 -6-41 -5 

34*44 

0-2836 

Eg Early, . 

182 

6-5-33>5 

20*03 

0-4338 

E 2 Late • « . 

683 

5- 6-51 -5 

22*54 

0-3070 


The two Eg groups, early and late, show variation over a wide range, and show 
a difference in mean weights which is statistically significant. The coefficients of 
correlation between the flowering duration and five-ear weight were calculated 
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separately for early and late hybrids, and are, respectively, —9*1741 and +0*4529. 
Fisher’s Table VA [Fisher, 1932] shows that the former value is not significant, the 
value of P being above 0* 05 ; the latter value is significant, the value of P being 
less than 0 * 01 . 

The distribution of five-ear weights, like the distribution of one-ear yield, was 
very wide in Fg and embraced both the extremes of the parents, and even extended 
beyond. The early plants possessed, on the whole, Hghter ears than the late plants. 
In Fg, Fg and F 4 , certain plants were obtained in the early as well as the late groups 
which possessed heavier ears than the heaviest-eared plants of the parents. The 
distributions of parents, Fg and the selected plants of Fg, Fg and F 4 are illustrated 
in Fig. 4 where the barred columns represent early plants and the solid columns, 
the late plants. 



Hybrids selected 
for Fs 


Hybrids selected 
for F 4 


Hybrids selected 
for Fa 


Hybrids 


Parents 


Weight of 6 ears in grms. 

Fig. 4* Weight of five ears in parental, Fg, F 3 and F 4 generations, 


.40 

.20 

JO 

■n * 

.150 



,400 

" 1 i ” 


. 50 

, 


jm ^ ■ 






y 


INHEEITANGB OF EARLIKBSS IH TJ. P. BICBS, I 


1271 


of variation was greater in the Fg than in the parents. The averages and their 
standard errors are given below. 


Culture 

Mean number of 
tillers 

Standard error ' '■ 

T. 1(1) . . . . 

9 * 95 

0-2373 

T. 1 (2) . . . - . 

10-66 

0*2786 

T. 110(1) 

9*13 1 

0-2489 

T. 110(2) . . . . . 

11-68 i 

i 0 3251 

Fg Early . . . . . 

' 15-07 1 

1 0*3418 

Fg Late , . . , . , ' 

14-70 1 

0*2148 


The averages for the hybrids are appreciably higher than those for the parents. 
This may be only an expression of hybrid vigour. 

The coefficients of correlation between the flowering durations and the number 
of tillers were also calculated both in the early as well as the late hybrids. The 
values of r obtained were, respectively, —0*0546 and — 0-0258, thus showing a com- 
plete lack of correlation between the two characters. In other words the early 
plants are as likely to be well tillered as the late plants. Since tillering decides, to a 
considerable extent, the yield of a plant, the natural corollary of the above fact is 
that if once good tillering is secured in early cultures (which fact is possible because 
of the absence of correlation between flowering and tillering) there are reasonable 
chances of their being good 3 delders. 

SXJBOIAEY 

Some crosses between early and late types of rice have been studied for the 
inheritance of flowering duration and its relation to certain other characters, and 
the data have been presented in the present paper. The inheritance of flowering 
duration was thoroughly Mendelian. The main facts were : 

1. The Fi showed dominance of lateness, being only sightly earlier than the 

late parent. 

2. The Fg distribution covered the parental extremes, and could be divided 

into two distinct groups of hybrids, an early and a late group in the 
ratio of 1 : 3 thus indicating a dominance of lateness. 

3. The two Fg means were statistically different from the parental means, 

the former showing a ' shift ^ toward the middle. 

4. The segregations in Fg confirmed the observations made in Fg. The 

segregation into early and late plants was always in 1 : 3 ratio, wide 
departures from the ratio being very few. 
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5 . The correlation between the flowering durations of Fg and Fg generations 

was close and positive. 

6 . There was a definite relation between the flowering durations of late Fg 

plants and their genetic constitution (as revealed by their behaviour 
in F 3 ), the impure lates being, on the whole, slightly earlier than the 
pure lates, the difference being statistically significant, although the 
flowering distributions of the two kinds of late plants showed con- 
siderable overlapping. 

7w As a result of the relation mentioned in paragraph 6 of the range of flower- 
ing of late plants of ' segregating ^ families becomes greater than 
that ofthe late plants of" pure’ families in Fg and later generations. 

8 . The number of homozygous famihes increased rapidly from generation 

to generation. 

9 . The genetics of the crosses have been explained on the assumption that 

three factors, one from the early types and two from the late types, 
interact in inheritance and cause the segregations observed. The 
facts mentioned in the preceding paragraphs have been satisfactorily 
explained by the tri-hybrid scheme of inheritance suggested. The 
scheme has, however, to be accepted with the reservation that 
besides these three important factors, there may be minor factors too 
which decide the inheritance in the cross. 

10. Although the yield per plant was higher in the late parent, the Fg late 

hybrids were not heavier in yield than the early Fg hybrids. The 
coefficients of correlation between flowering and yield in the two 
groups were insignificant, 

11 . Yield per ear was greater in the late hybrids than in the early ones, as 

was the case in the parents. 

12. The coefficient of correlation between flowering duration and weight of 

five ears was insignificant in the early Fg hybrids, but significant in 
the late hybrids. 

13 . The parents differed from each other but shghtly in the number of 

tillers per plant. The Fg early and late groups possessed significantly 
greater number of tillers than the parents, but the difference between 
the two groups was not significant. The coefficients of correlation 
between flowering duration and tillering were insigmficant in the two 
cases. 
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I. Introduction 

In the course of inheritance studies it is sometimes found that Mendelian 
ratios in the Eg generation show a considerable deviation from theory. This is 
most frequently due to the population examined being insufficiently large. Other 
possible causes are linkage, lethal factors, or faulty identification of the phenotypes. 

Various workers have brought forward evidence of the existence of yet another 
factor — a seasonal effect on segregation. Christie and Wriedt [1930], working 
with the domestic pigeon, found a seasonal variation in the segregation of the sex- 
linked factor for colour intensity. The same workers report that when hybrid 
Plymouth Rock X Minorka males (heterozygous for the sex-linked factor produc- 
ing barring) were crossed with black Minorka females, there was a tendency to give 
an excess of barred offspring at the beginning of the season and an excess of black 
towards the end of the season. These instances suggest a seasonal variation in the 
viability or the power of fertilisation of the gametes. In the same material, how- 
ever, Christie and Wriedt did not find any seasonal effect with regard to the sex- 
linked factor for piebald pattern, nor was any such effect noted by these workers 
on the segregation of the character pairs, greenness and yellowness, or tallness 
and dwarfness in Pisum sativum. 
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periodic varktion'i?the*'Mendi^S sinemts), found a 

and the recessive albino plants (3 : 1 on tLoJv7S thl^F axO-spot plants 

number of F, plants selfed from day to day tLvI ' fff 5 bj a 

flowers there was a strong ten^ncTto^rSl the first-formed 

the progeny from later-produced LweTdominaMsT'''''"^- “ “ 

ant untn the ratio of donfinants became increasingly abund- 

initiaUy. This effect appeared to be uncoXliM^titr''^''^ observed 

as temperature, humidity etc and i<s n++ -k <■ i i, ^ ®ovironmental factors such 
the .ge of the p^e^ H<*igh and Loehrio [1328J ^ 

plants ahonld be^S'iT^’the eintSr'°d’/'‘““a-'‘e ““®° “ ““ 

^ eery important paints to consider in an Mi«i Si .tad w?°”!h 
derataon. investigation described in thl foSlSTagr"’ 

II. MatBRIAIi akd method 
The plant selected for this investicrafiAn TTr« 

The following oomnderation, led to the S^SnTthta pS '">■ 

1. It provides sharply contrasting characters of which the mode of • i, •. 

ance has already been studied. tbe mode of mherit- 

2. The characters are such as can be studied when the plant is a month old 

^ — 1. ‘ JX3ts!hTn::s^^^ 

3. Flowers are big and are easUy selfed individually. 

4. Seed production is high, each fruit normaUy giving about fifw . 

twenty seed,. A ma^mnm of abont ttSX 

harvested from a single capsule. ^ eeos has been 

5. The flowering period is of a fairly long duration. 

6. The plant is practicaUy free from insect pests and diseases. 

Three Pusa types of F. sabdariffa L. were splect^^d oc, von,., a r 

These types have been maintained as pure cultures and their^vonef^ °i 
already studied [Howard and Howard tCo u 

bronzes, of leaf.Iobe, andrcdncM or ^cnni'. of 

conmdorataon for the mve.figation. »«,owlcafjobe i, found It do^ 

nant to .te allelomorph, brMdlo^a 3 rimonohybrid ratio. K<d ooIoH 

etem in the cro.., Nm Hi bis^ x Albu s, 1. dominant to green, giving a ratio of 
3 red. (varion. grade, and form.) : I’^n in P,. IH, character in thi. crom i.. 
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toWTor detemined by three tiiotOM » shorn bygm^iCA^tigoHo™ (ohPhb- 

hshed records by the author). lu the cross, BWscs X jiu ter, the red stem 

j. A rvyoon oli-pm with red patches in the leaf-axil, etc., on a dihyhrid 
ratio of the frequency of the former phenot^e to the latter is 3 : 1. 

In tMs inyestigation the counts were made on the above basis. 

III. Fibst series oe experimekts 
The following crosses were made in the year 1931-32 
1. New Hibiscus X Albus 

2 New Hibiscus X Ruber i • xi. 

New Hibiscus has narrow-lobed leaves and a ^een stem_ with red 
leaf-axil and just below it. Albus m.d Buber have broad-lobed leaves , but 
teiovmev has a green stem and the latter red. The F^.m both the crosses, had 

narrow-lobed leaves and red stem. „ , 

The seeds of the two crosses were sown the following year (1932-33), and a 
number of F, plants were raised. The spacing and subsequent treatments were 
kept uniform. Only five F^ plants from each of the two crosses were kept the rest 
boins removed. All the ten plants were from seeds which germinated on the same 
day and were uniformly vigorous and healthy from the beginning to the end. ^ 
The flowering commenced on November 2, 1932, in seven out of the ten Fj 
plants and by November 5, all the plants were in flower. Thus, all these plants 

were also practically uniform as regards their flowering age. 

(1) All flowers on each Fi plant were selfed daily from the commencement 

of flowering till November 12, 1932, but thereafter with the increas. 
ing number of flowers, it was found difficult to self all of them, and 
hence only a sufficient number was selfed at random, the rest being 
pulled out. 

(2) Selfing was done the evening previous to the opening of the flower by 

slipping a small wire ring over the conical bud. Rubber solution 
and “ Seocotine were also tried and found satisfactory. 

(3) Each selfed bud was labelled, the label denoting the cross, the plant 

number, and the date of selfing. 

(4) Every morning, at about 8 o^ clock, which is the time for the opening of 

the flowers, the flowers were examined to see if the corolla had slipped 
out of the ring, in which case the flowers were rejected. 

(5) Shedding was observed to take place. The number of flowers shed 

each day was recorded for each plant. 

(6) As the fruits matured they were harvested. The produce of each plant, 

; : as also that from each day’s selfing, was kept separate. 

(7) Selflng was continued till the 25th December, 1932, and thereafter was 

\ stopped because of scanty flowering and low setting. 
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A complete record was kept of the following points : — 

(a) the number of flowers selfed per day, 

(5) the number of flowers removed per day, 

(c) the number of flowers shed per day, 

(d) the number of fruits harvested per day, 

(e) the total number of flowers produced by each plant per day, and 

{/) the date of first and last flowering. 

Thus seeds from these plants selfed on successive days for about fifty to 
fifty-five days were available. 

In the first week of July, 1933, these seeds were sown (dibbled) separately for 
each Fj plant and for each day. Unfortunately the germination suffered duo to 
heavy rains immediately after the sowing with the result that out of about 20,000 
seeds sown only about 8,000 germinated. 

Observations were taken when the plants were three to four weeks old. 
Even at this early stage the two characters, leaf-lobe and stem-colour, could 
be correctly classified into the different Fg phenotypes. 

In each of the two crosses, the following constants were calculated for both 
the characters (leaf-lobe and stem- colour) » 

(1) Ratio of dominants to reoessives for each day. 

(2) Deviation between the observed and theoretical frequencies of the reces* 

sive phenotype. 

(3) Three times the Probable Error* 

The ratio of dominants to reoessives was first calculated for each Fj plant 
separately, but as the different plants did not show any great variation in the 
behaviour for their segregation in Fg, the frequencies of ail the F^ plants of each 
cross were added up together. 

Curves were drawn for each of the three above constants. Temperature and 
humidity curves for the period of flowering, as well as curves showing the total 
number of flowers produced per day for each cross, were also constructed. These 
showed no relation with the daily ratios and are not presented here. 

Experimentat results 

The results of each cross will be dealt with separately. 

New Hibiscus X Albus 


Leaf-lobe , — has a narrow leaf-lobe and Albus has a broad leal- 
lobe* The Fi had a narrow leaf-lobe* In Fg, a ratio of 3 narrow leaf-lobed 
plants : i broad leaf-lobed plant is theoretically expected in the population 
of each successive day, if age or any environmental factor wore not to influence 
the Eg segregation. The observed results are shown in the following table 
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Table I 

Showing the. daily freqtiencies of the two phenotypes, their ratios, total population, devia- 
tion between observed and theoretical freguenoy of the recessive, and 3 P. E. 

New Hibiscus X Albus — 'Fg 


Harrow 


Flowering 


Deviation 


Eatio 


3*13 

-~0*75 

3*30 

—1*76 

2*63 

-f7*75 

2*76 

+ 1*26 

2*81 

+ 1*60 

2*86 

+ 1*75 

3*80 

—7*00 

2*21 

+ 8*25 

2*52 

+ 4*75 

3*29 

—1*50 

3*08 

—0*75 

3*21 

—3*25 

2*83 

+ 1*75 

2*26 

+ 13*25 

2*70 

+3*25 

2*90 

+0*75 

3*48 

—2*75 

3*80 

-6*00 

1*87 

+ 12*75 

3*32 

-2*25 

3*00 

0*00 

3*82 

—1*60 

2*13 

+ 8*50 

2*46 

+ 4*00 

2*41 

+3*25 

2*30 

+ 5*25 

3*50 

—1-50 

2*12 

+9*25 

4*00 

—4*25 

2*00 

+0*50 

6*60 

—1*76 

i 4*00 

—0*50 

No setting 



0*00 

+0*50 
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^ — y/ 2n — 1 

Table 1 clearly shows that 


= 0-63. 


The fit is good. 


*\utt * V ^«<^®ssives varies from day to day 

m + 1 , deviations appear fairly at Lndom^’ 



Fig, 1 . Leaf -lobe {New Hibiscusx Albus), 


The deviation curve (Kg. 1) will be seen to remain within the 3 P E cur™ 
aU along except at one point, viz., on the 26th, where it cuts the Probable Errir 
curve, indicatmg a significant deviation in the ratio on that day only. 

Thus It may be safely concluded from these results that the age of the E 

‘ *»”0 « to • 3 ^ 1 
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The total phenotypic frequencies in the whole cross were as follows : — 


1 Narrow- 
lobed 
j plants 

Broad-lobed 

plants 

Total 

Total observed . . . 

3,290 

i,m 

4,464 

Total expected on 3 : 1 basis 

3,348 

1,116 

4,464 

Deviation . . 

. . 58 

58 



== = 3. The fit is just good. 

P.E, 19-34 ^ 


The ‘‘ fits ” for the populations of all the five Pi plants taken individually 
were good. 

The “ fit ’* for the frequencies during the whole flowering period was tested 
by the formula \/ 2k ^ — V 2n—l [Fisher, 1932] and was good as shown at the 



bottom of Table I. 

Stem- colour. — New Hibiscus has a green stem with red patches in the leaf- axil 
and below it. The stem of Albus is purely green. The Fi had red stem, and in 
Fj the ratio of red stem (various grades) to green was as 3 : 1. 

Table II and Pig. 2 show that in this case also there is no seasonal or 
age effect on segregation. The deviations between the observed and expected 
frequencies were, however, significant only on the 6th day. 

Table II 

Showirig the daily frequencies of the two 'phenotypes, their ratios, total population, 
deviation between observed and theoretical frequency of the recessive, and 3 P. E, 

New Hibiscus X Albus— 

Stem-colour 


Flowering 

day 

Red stem 

Green 

stem 

Total 

Ratio 

Deviation 

3P. E. 

1 

26 

8 

34 

3-25 

■—0-50 

5*10 

2 

18 

8 

26 

2-25 

+ 1-50 

4-47 

3 

53 

14 

67 

3-79 

—2-75 

7-18 

4 

45 

15 

60 

3-00 

0-00 

6*78 

5 

7 

4 

11 

1-75 

+ 1*25 

2-91 

6 

103 

21 

124 ! 

4-91 

10-00 

9-75 

7 

57 

17 

74 1 

3-35 

—1-50 

7-53 

8 

75 

24 

99 1 

3-12 

—0-75 

8-72 

9 

67 

22 

89 

3*04 

—0-25 

8-26 

10 

228 

81 

309 

2*81 

*f3-75 

15-41 

11 

58 

21 

79 

2-76 

■4-1-26 

7-79 

12 

88 

31 

119 

2-84 

+ 1-25 

9*65 




Flowering 

day 


mbndelian segregation in Bisiscvs sasbariffa 
Table Il—corOd. 

Red stem Green Total ^ T?ot.v 


153 

49 

202 

129 

1 41 

170 

101 

35 

136 

106 

35 

141 

68 

22 

90 

110 

50 

160 

193 

69 

262 

115 

47 

162 

177 

58 

235 

112 

47 

159 

95 

30 

125 

77 

26 

103 

107 

38 

145 

96 

33 

129 

97 

25 

122 

74 

18 

92 

43 

8 

51 

97 

25 

122 

63 

21 

84 

57 

18 

73 

79 

20 

99 

35 

19 

54 

95 

37 

132 

64 

21 

85 

4 

2 

6 

12 

3 

15 

9 

I 

10 


atio 

I Deviation 

3-12 

1 —1-60 

3-16 

—1-60 

2-89 

+ 1-00 

3-03 

-0-25 

3-09 

—0-50 

2-20 

+ 10-00 1 

2-80 

+3-60 j 

3-19 

+6-60 

3-06 

—0-75 

2-38 

+ 7-26 

3-17 

-1-25 

2-96 

2'S9! 

+0-25 

\ -9 . 9m 


+0-75 
—6-60 
—5-00 
—4-76 
—5-50 
0-00 
■— 0-26 
— 4-76 
+6-50 
+4-00 
—0-25 
+0-60 


5 

3 

ISTo setting 

8 

1-67 

+ 1-00 

22 

5 

27 

4-40 

-1-76 

1 

1 

2 

1-00 

+0-50 

1 

0 

1 

0-00 

—0-25 

2 

0 

No setting 
2 

0-00 

—0-60 1 

4 

2 

6 

2-00 

+0-60 1 

5 

1 

2 

^0 setting 

7. 

2-60 

-j-0*25 

6 

3 

■■ 

2-00 

+ 0-75 

9 

4 

13 ! 

2-26 

+0-75 

23 

6 

29 

3-83 

— 1-25 

43 

11 

54 

3-91 

—2*50 

43 

17 

60 

2-63 1 

-f2*00 


Here tlio deviation, being greater than 3 P. E., is significant. 
= 32-29. 

■y/ 2 i4^ — 1 = — ? 2 - 0 |. The fit is goo4> 


3P.E. 


12- 44 
11-39 
10-2.5 

10- 40 

8- 31 

11- 08 
14-19 
11-13 

13- 43 
11-05 

9- 79 

8- 89 

10-61 

9- 95 
9-68 

8- 40 

6- 25 

9- 68 
8-03 

7- 48 

8- 72 
6-44 

10-07 

8-08 

2-16 

3-39 

2-77 







Fig. 2. Stem-coiour (A^ew 

As before, it could be safely concluded that neither the age of the Fi plant nor 

the season has any influence on the F2 segregation. 


The frequencies of the two phenotypes for the entire flowering period are as 



follows 


Red stem 

(various Green stem 
grades) 


Total 


Total observed . . • • • • ookk . k ni8*5 4 474 

Total expected on 3 : 1 basis . . • ‘ 3355 5 1118 5 

Deviation . . . ♦ » - * v ^ ^ 

== i-i? =0-08 

P. E. 1963 

The fit is, therefore, excellent. , , 4. i. i 

The ‘ fit ’ to a 3 : 1 ratio was good for the population of each Fj plant taken 

individually. _ . 4. j 

The “ fit ” for the frequencies during the whole flowering period was tested 

and was good. , 

Nm Hibiscus X Ewer 

Leaf-lobe 

The New Hibiscus has a narrow leaf-lobe and Buber, a broad leaf-lobe. The 
Fi had a narrow leaf-lobe and in F, a ratio of 3 narrow-lobed plants : 1 broad-lobed 
plant is expected on theory in the progeny of each successive day. The actual 
results are shown in the following table 

Table III 

Showing the daily frequencies of the two phenotypes, their ratios, total population, 

deviaiion between observed, and theoretical frequency of the recessive, and 3 P. E. 

New Hibiscus X Ruber — 

Leaf-lobe 

Flowering 1 Narrow Broad Total Ratio Deviation 3 P. E. 

lobe lobe 

^ +3-50 4-80 

9 27 4 31 — 3-76 4-88 

3 62 20 72 2-60 +2-00 7-44 

1 36 16 61 2-40 +2-26 6-26 

g 76 24 99 3-12 —0-76 8-72 

0 10K AA I?! 2*72 4-3*25 11*47 
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Flowering 

day 


K'arrow 

lobe 


7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 
*27 

28 

29 

30 

31 
33 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 


110 

94 

38 

144 

43 

43 

43 

105 

57 

50 
108 

64 

202 

150 

101 

81 

58 
89 
88 

126 

119 

57 

51 
56 
36 
4? 
53 
31 
49 
30 
13 

5 
1 

6 
2 
6 
5 
1 
1 


0 I 


Broad | Total 
lobe ! 


43 

33 

16 

38 

21 

18 

13 

38 

18 

17 

28 

23 

68 

59 

28 

38 

19 
32 
27 
38 
56 

20 
20 
16 
16 

13 

14 
9 
9 

17 

4 

2 

2 

2 

1 

2 

1 

0 

1 


JSTo 


153 

127 

54 
183 

64 

61 

56 

143 

75 

67 

136 

87 

270 

209 

129 

119 

77 

121 

115 

164 

175 

77 

71 

72 
52 

55 
67 
40 
58 
47 
17 

7 
3 

8 
3 

5 I 

6 
1 
2 

setting 


t » 5? , 

1/ 1 I 

No setting 


latio 

! Deviation 

1 

I 


2-66 

j 

i +4-75 

10*84 

2-85 

4d*25 

9*0 

2-37 

! 4-2 *50 

0-43 

3-79 

2-05 

1 —7*50 
! +6*00 

11*82 

7*01 

2-39 

+2-75 

6*84 

3-31 

—1-00 

6*55 

2-76 

+2-25 

10*48 

3‘17 

—0-76 

7*58 

2*94 

0-26 

7.17 

3-86 

—6-00 

10*24 

2-78 

4-D25 

8.17 

2-97 

+ 0-60 

14*36 

2-64 

+6-76 

12*70 

3-61 

—4*25 1 

9*95 

2-13 

+ 8-25 

9*63 

3-05 

*•^0*25 1 

7*68 

2-78 

+ 1-76 ' 

9*63 

3-26 

—1-75 ; 

9*37 

3-32 

— 3*00 1 

11*21 

2*13 

+ 12-26 i 

11*66 

2*85 

+0-75 : 

7-68 

2*55 

+ 2 * 26 1 

7*38 

3*50 

—2-00 i 

7*44 

2*25 

+3-00 i 

6*31 

3-23 

—0-76 j 

6*60 

3*79 

—2-76 1 

7*17 

3*44 

—1-00 ; 

6*63 

5*42 

—6-60 ! 

6*67 

1*76 

+ 5-26 

6*01 

3*25 

—0-25 

3*61 

2*50 

+0-25 

2-32 

0*50 

— 1-26 J 

1*62 

3*00 

0-00 i 

2*88 

2*00 

+ 0-26 1 

1*62 

3*00 

0-00 , 

- 2-48 

5*00 

—0-50 ! 

2*16 

0*00 

—0-25 1 

0-88 

1-00 

+ 0 * 60 j 

1*24 

0*00 1 

+0*75 1 

0*88 

3P.E. 

is significant. 
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Table III— cowcW. 


Flowering 

day 

Narrow 

lobe 

Broad 

lobe 

Total 

Ratio 

1 

1 Deviation 

3 RE. 

52 

21 

7 

28 

3-00 

1 

1 

0-00 

4-63 

53 

42 

15 

57 

2-80 

+0-75 

6-61 

54 

15 

4 

19 

3-75 

—0-75 

3-82 


39-08 

— \/2n^ = — I -01. The fit is good. 




3 « C. 


JL^ 


.rkowrewcom-O a 4- S 8 10 la (4 t& 18 20 22 24 28 28 30 32 34 36 38 40 42 44 48 48 50 S2 54 


Fig. 3. Leaf-lobe (New Eihiscmxituber). 

The table and Mg. 3 do not show seasonal or age (of F^) effect on the 
segregations, the deviation between the observed and theoretical frequencies being 
significant only on the 27th day. Thus the conclusion as in the previous cases is 
that the F 2 ratios are not affected by the time of selfing of the Fi plants, nor by any 
other factor so far as this character, leaf-lobe, in Hibiscus is concerned. 

The F 2 phenotypic frequencies for the entire flowering period are as follows - 


Total observed . . 

Total expected on 3 : 1 basis 
Deviation , , . 


Narrow^ 

lobed 

plants 


2770-00 

2802-75 

32-75 


Broad- 

lobed 

plants 


Total 


967-00 

934-25 

32-75 


3,737 

3,737 


p.Te. 


32-75 


1-85 


17-73 

The fit, therefore, is good. 

Out of the five Fg populations from the five F^ plants ‘‘ fits ” to a 3 : 1 ratio 
were good in four cases and bad in one. 

The ‘‘ fit ” for the frequencies during the whole flowering period was tested 

Hibiscus has a green stem with red patches in the leaf-axil 
In Fi, the stem was red. In Fg, a ratiopf 
^ -d''' .green-stemmed'' ■ with: ■..patches: 'is '■'■ 
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theoietically cxpLcted. llie actual observed results for each llowei’iiig day are 
given m the following table b J 

Table IV 

SJmoiTu, the daUy frequencies of the two phenotypes, their ratios, total population, 
deviation between observed and theoretical frequency of the recessive and 3 P. E. 

New Hibiscus x Ruber 
Stem-colour 


Blowering 

day 

Bed stem 

Green 

stem 

Total 

Batio 

Deviation 

3P.E. 

1 

22 

7 

29 i 

3*14 

— 0-2S 

4-72 

2 

25 

6 

31 i 

4*17 

—1-76 

4*88 

3 

55 

15 

70 1 

3*33 

—2*50 

7*33 

^4: 

30 

21 

51 1 

1*43 

4-8-25 

6*25 

5 

81 

18 

99 

4*50 

—6-75 

8*72 

6 

122 

50 

172 

2-44 

47-00 

11*49 

7 

119 

36 

153 

3 31 

—2*25 

10*84 

8 

94 

33 

127 

2*85 

+ 1-25 

9-90 

9 

35 

19 

54 

1*84 

45*50 

6-43 

10 

141 

47 

188 

3*20 

o-oo 

12*00 

11 

50 

14 

64 

3*57 

—2*00 

7-01 

12 

41 

20 

61 

2*05 

+ 4-76 

6' 84 

13 

35 

15 

50 

2*33 

+2-60 

6*19 

14 

112 

32 

144 

3*75 

—4-00 

10*51 

15 

58 

19 

77 

3-06 

—0-25 

7*68 

16 

57 

12 

69 

4*75 

—5*25 

7-28 

17 

105 

32 

137 

3-28 

—2-25 

10*25 

18 

. 62 

23 

85 

2*70 

41*75 

8-08 

19 

189 

82 

271 

2*31 

414*25 

14-46 

20 

156 

53 

209 

2*95 

40*75 

12-70 

*21 

75 

39 

114 

1*92 

410*50 

9-37 

22 

95 

35 

130 

2*71 

42*50 

I 9-98 

23 

61 

16 

77 

3*81 

i —3*25 

7-68 

24 

83 

38 

121 

2*18 

47*75 

' 9-63 

25 

82 

33 

115 

2*58 : 

44-25 

9-37 

26 

115 

49 

164 

2'35 

48*00 

11-21 

*27 

115 

64 

179 

1*79 

419*25 

11-74 

28 

52 

25 

77 

2*08 

45*75 

7-68 

29 

53 

19 

72 

2*79 

41*00 

7-44 

30 

57 

15 

72 

3*80 

—3*00 

7-44 

31 

40 

12 

52 

3*33 

—1*00 

6-31 

32 

40 

15 

55 

2*67 

41*25 

6-50 

33 

52 

16 

68 

3*25 

—1-00 

7-23 

34 

28 

13 

41 

2*15 

42*75 

6-61 

35 

47 

12 

59 

3*92 

—2*75 

6-73 

36 

30 

15 

45 

2*00 

48*75 

5-88 

37 

17 

5 

22 

3*40 

—0*50 

4-11 

38 

4 

3 

7 

1*33 

41*25 

2 32 

39 

1 

2 

3 

0*50 

41*25 

1-62 


I 

i 
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*Here the deviations, being greater than 3 P. E., are significant, 

= 70*504. 

y'2x^ — \/2n— 1 =; 1*95. The fit is good. 

Table IV shows the following facts : — 

(1) There seems to be a tendency for the dominants to occur in excess during 

the first seventeen days with, however, six exceptions. During 
the next twelve days, on the other hand, there is a tendency for the 
recessives to be in excess excepting on one day (23rd), and two 
of the deviations are significant. The later deviations, positive 
and negative, are fairly random. 

(2) During the whole flowering period only four deviations, those on the 

4th, 21st, 27th, and 62nd days are significant. In a large majority 
of cases, i,e., 92 per cent, however, the deviations are due to chance. 
Figure 4 shows some of the above points very clearly. Though there is a 
slight tendency towards a periodic fall and rise in the number of the recessives, yet 
most of the deviations not being statistically significant, the periodicity may 
be due to chance, and it cannot be safely concluded that either the age of the 
Fj plant, or any other factor has any influence on the P 2 segregation. 

■ 20 r - 

■ ,0 I f " 0 Deviation 


8 to 12 14 16 IB 20 22 2426 28 30 32 34 3S 38 40 42 44 46 48 *50 52 54 

Stem. colour [New Hibiscuex Buber), 


Flowering 

day 

Red stem 

Green 

stem 

Total 

Ratio 

Deviation 

3 P. E. 

40 

6 

2 

8 

3*00 

0*00 

2-48 

41 . 

2 

1 

3 

2*00 

+0-26 

1*52 

42 ' ' 

5 

3 

8 

1*67 

+ 1*00 

2*48 

' 43 

5 

1 

6 

5*00 

— 0-50 

2*15 

44 

1 

0 

1 

0*00 

—0-25 

0*88 

45 

2 

0 

2 

0*00 

—0-60 

1*24 

46 


I 

setting 




47 



9> 99 




48 



99 99 • 




49 



99 99 




50 

1 1 

0 1 

1 / 

0*00 j 

—0-25 1 

0*88 

51 

I 


No setting 




=^=52 

15 

13 

28 

1*15 

+ 0-()O : 

4*63 

53 

39 

20 

59 

1*95 

+5-25 1 

6-73 

54 

15 

4 

19 

3.75 

—0-76 j 

i i 

3*82 






typic^fequeneie?^!^''''' flowering period shows the following pheno 


■■ — » , 

Btem red 

Stem green, 
with red 
patches 

■■ Total , 

Total observed 

Total expected on 3 : 1 basis ' 

Deviation . 

2,727 ’00 1 

2,813' 25 i 
86*25 ! 

1,024-00 

937-75 

86-25 

3,751 

3,751 


Dev. 86'25 

P. E-~17“70 = 4-86. 

Tho fit is bad. 




The excess in the recessives is responsible for a bad fit 1 f •< 
edfor. In one, out of the five different S’ nnr, i ^"^^^^^^lo^^fleaeeount- 
was bad. . 

and was good. ^ ^'^quenoies during the whole flowering period was tested 
IV. Second series of exeeeiments 

35. ore:r!r;“"^^^ 1934- 

Buber X New Hibiscus with a F, popukS oftr t 

petition of tlie previous year’s work tkp f -^>000. The latter was a re- 

p«ed . broad le.fjobe, .„d .t,m-colonT«!Z'o3rf -d""" 

crosses were made in the year 1932-33. “ o»Iy factor considered. The 

The hybrid seeds were sown in June 193^f mk • • 

m all the F^ seed. There were six R plants uniform 

of the latter. All the plants bepan to flow * 

the cross, Albvs x Huber flowfrinp^ com P^^®*i‘^ally at the same time. In 
1933, and by November 6 ’l933 alll “ one plant on November 2, 

New Hibiscus, flowering commenced on NovemC'srd^^ts °T’ ^ 

November 6th, 1935, all of them were in flower Sdfi’ ’n 

cor^encement of flowering mril prooKoafly the eS^rf^be ^ 

each cross. In the former cross nlsnto ir j flowermg period in 

days, and in the latter for about sixty supce ^ for about thirty successive 

end of the ^eon. howeyer, i: oXi^Z *^7^ 7 

fortythreo in the .«e“ 

preit XShlrSnZZZr'ZZ • 

selfed to « largl all rile flowers on each plant were 
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The selfed seeds of the Fi plants were sown on June 20th, 1934. The germi- 
nation was quite satisfactory unlike that in the previous year, making available for 
study a population of about 12,600 in the cross Albm X Rvber and about 22,000 
in the cross, New Hibiscus X Ruber. 

The observations were commenced when the plants were about four weeks old. 
The differences between the different phenotypes were quite clear-out, and hence 
there was no possibility of mistaking one phenotype for the other. 

The statements of daily segregations, etc., have not been presented in this 
series of experiments. The results will, however, be clear from the illustrations. 

Experimental results 
Albus X Ruber 

Stem-colour.— Albus has a green stem and Ruber has red. The Fj had red 
stem and in F^, a ratio of 3 red stems: 1 green stem is theoretically expected 
[Howard and Howard, 1924] in each day’s population. The expectation is 
realized as will be evident from the results illustrated in Fig. 5. 


3 P. E. 



Fig. 5. Stem-colour {Albus xEuher), 

The figure shows that the ratio of dominants to recessives varies from day to 
day without any periodicity. It also shows that only one deviation, that on the 
23rd, is significant and that in ninety-six per cent cases, the deviations are not 
significant, being less than 3 P. E. 

The following results are obtained when the frequencies for all the flowering 
days are added up : — 



Red stem 

Green stem 

Total 

Total observed . . . 

Total expected on 3 : 1 basis . 

Deviation 

9,390-00 

9,480-76 

90-76 

3,261-00 
3,160-26 : 
90-76 

12,641 

12,641 


Dev. 90*76 o ^ mr, • i; • r 
pTet "" '3^83 ^ ^ 


One Fj population out of the five has given a bad ** fit to a 3 : 1 ratio. 



smmEGAnois^ m mBISOUS SABDARIFFA 128 

fluen^Tbv '* concluded that the F, results are not in- 

Huenced by age of the plant or environmental factors. 

New Sibiscus x Rtiber 

or bro?d 'lp!f segregations of the two phenotypes, narrow 

or broad leaf-lobe, are shown in Fig. 6. The figure shows thlt duriS L first 

next seven dlys the in- 

crease or decrease m them is fairly random. The next twenty days, exLpt one 
show an excess of dominants. Then there is again a random occurrence of exce^’ 
and deficiency in them dunng the last six days. As will be evident from the figure 

are, however, not significant, except on three days, viz., 10th, llth 
and 16th, in about ninety-three per cent cases. * 

30 r ' Btvuliw* 


fuw«.„apm.(ri“ 4 6 8 10 12 14 16 18 a’o 32 242$ 28 30 32 34 36 38 « 

S’ig* 6. Leaf -lobe (New Eibiscusx Buber), 

As before, it may again be concluded that the Pg rati 
the age of the Fi plant or by any other factor. 

The combined frequencies for the whole flowering peri 
fit ” to a 3 : 1 ratio, are as follows : — 


Narrow leaf- 
lobed plants 


Broad leaf- 
lobed plants 


Total 


Total observed , 

Total expected on 3 : 1 basis 
Deviation . 


~^T3~g“ 2*83. The fit is fairly good. 

All the five Fg populations have each given a good “ fit ” to a 3 : 1 ratio indi- 
vidually. 

The “ fit ” for the frequencies during the whole flowering period was tested 
and was good^ 
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Stem-colour . — The day-to-day results of the segregations of the two phenotypes, 
red and green, are illustrated in Fig. 7, from which it will be evident that the daily 
deviations, positive and negative, from the expected results, occur fairly at 
random and that except on five days, viz., 10th, 15th, 19th, 30th and 38th they are 
not significant, being less than three times the Probable Error. That is in only 
twelve per cent eases the deviations are significant and in eighty -e%ht per cent 
eases they are due to chance alone. So, as before, it could be concluded that the 
age of the F^ plant, or any other factor does not interfere with the Fg ratio. 





OevtATioH 



Fig* 7. Stem-colowr {New HibiscusX^Euher), 



The GO mbined frequencies of the two phenotypes for all the flowering days are 
as follows : — 


Bed stem 

i 

1 

Green stem 

Total 

Total observed .... 

. 1 16,396 

5,628 

22,024 

Total expected on 3 : 1 basis 

. : 16,618 

6,506 

22,024 

Deviation . , . . 

122 

122 



Dev. 

P.T^ 


122 


, = 2-82. The fit, therefore, is fairly good. 


43 - 33 ' 

AU the five populations have given good fits ” to a 3 : 1 ratio individually. 

The fit ” for the frequencies during the whole flowering period was tested 
and was good. 

V. Discussion 

The present investigation deals with two different, distinct characters, one, 
viz., stem- colour in three different crosses and the other, viz,, leaf-lobe in two differ- 
ent crosses, the investigations for one cross having been repeated with a very large 
population. The results of any of the crosses in either year do not show any signi- 
ficant deviation, periodic or otherwise, in the F 2 I’^^tios. 

Considering the first year’s results of our investigation, we find that in the 
cross, New Hibiscus X Albics, the observed results in the case of the character 
leaf-lobe significantly deviate only on one day and that all other deviations are not 
statistically significant. There is no indication of the deviations having a periodic 
; ; . tirend. In the stem colour character also the observed results significantly deviate 
from theoretical ones only on one day during the whole reproductive period of the 
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plant. Moreover, in the rest of the deviations, which are not significant, there is 
not the slightest indication of periodicity. 

With respect to the other cross, New Hibiscus x Buber, the ol^erved results 
for the leaf-lohe character significantly deviate only once during the entire repro- 
ductive period of the mother plant. There is absolutely no indication of any of 
the deviations being periodic. The results for the other character, stem-, 
colour, show that all the deviations from the expected results, except four, are 
within the limits of chance errors. There is, however, a slight tendency for the 
dominants to be in slight excess in the beginning and to be slightly deficient there- 
after for a few days. But as judged by the criterion, viz,, goodness of fit most 
of the deviations are not statistically significant, and the slight periodicity, if it be 
so called, may be taken as due to chance. If one suspects periodic rise or fall in 
the number of the dominants or recessives in this cross and for the character, leaf- 
lobe, then it may be questioned as to why this phenomenon did not manifest 
itself in the second series of experiments when this cross was duplicated with a 
larger population. The failure of the periodicity to make its appearance in the 
cross when repeated supports the conclusion that the above periodicity is due to 
chance. 

Considering now the results of the second series of experiments, and taking 
first the cross Albus X Buber, it is seen that only on one„day do the observed results 
deviate statistically from the theoretical. Also there is no indication of the devia- 
tions being periodic. 

In the other cross, New Hibiscus X Buber, the results for the leaf-lobe charac- 
ter show that only on three days out of forty-three do the observed results signi- 
ficantly deviate from the expected ones. No tendency for a periodic rise or fall 
in the number of either of the phenotypes is indicated. For the stem-colour charac- 
ter, the deviations between the observed and expected results are significant only 
in four cases, and indication of any periodicity in the results is absent. 

VI. Stjmmaky anb conclusion 

The mass of evidence set out in the foregoing paper shows clearly that in the 
case of Hibiscus sabdariffah., the segregation in the Fg generation of the characters, 
leaf-lobe and stem- colour, are not influenced by the time at which fertilisation 
occurs in the heterozygous parent plants. 

Selfing of the F^ generation may, therefore, be carried out at any stage during 
the flowering period without danger of disturbing the normal Mendehan ratios. 
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The x®-teohmque of analysis is frequently employed in statistical investi- 
gations on biological data. The technique was first given by R. A. Usher in 
connection with the problem of estimating the density of bacterial populations 
in sugar refinery products. It has since been applied in some form or other to 
numerous other problems of practical value. It is intended here to exhibit its 
application to yet another problem arising in Agricultural Meteorology and to 
put it in a suitable form so as to be immediately available for application in 

practice. 

The data* which form the subject of study in this paper relate to the numbers 
of counts of nuclei made with the ALtken portable counter in the open air at Kew 
Observatory. In Table I are given the results of 240 such counts, which were 
completed in about an hour, a short pause being made at every five minutes in 

order to write down the figures. 


A column contains the results of twenty consecutive counts which occupied 
about five minutes. The object is to ascertain whether a genuine change was 
brought about in the nucleus- content of the afr during the hour of observation 
or else the fluctuations in counts were simply due to errors of random sampling, 

Now it has been shown by F. J. Scrase that if the nuclei in air are distributed 
at random, then the probability of occurrence of a count of a given value is giveq 
by the term of the Poisson Series. Consequently regarding the data in Table I 
as having been drawn in random sampling from one or more Poisson distributions, 
the enquiry reduces to direct application of jc®-tests to these data as described 
by Fisher. 

■• These data have been discussed by F. J. Seiase in his paper ‘ On the Sampling 
Errors of the Aitken Nucleus Counter, ’ Jour, Boy. Met. Society, London. Vol. LXI, 
1(036. Of hege wem biqdly sent to me, at my request, for f mother analysis. 
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Kew Observatory : Nucleus counts made on December 29fhy 1933 
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Unlike the ‘Analysis of Variance’ Technique for Normal Variation, the 

x^-technique does not appear to have been put m a tabular form. In mew of 

L frequent appUcation to biological data, it will be weU wortj the whde to give 
in a tlular form the jc^-tests, which are appropriate for the analysis of data 
coming from the Poisson and binomial populations and then to discuss the data 
in Table I in the light of these tests. 

Suppose we have a type of data arranged as follows in a double classification. 


X, 


'11 


X, 




tl 




>1 


"'12 


"^22 










X, 


'2i 







where Xti represents the number of occurrences counted in a fixed time or space 
interval and the chance that the variable in the ^th column and the row takes 
the valuewfi is givenby 


e K) 


( 2 ) 



The problems for consideration before us are whether 

(a) the variation within columns is no more than might be expected through 

chance causes 

(b) the variation between columns is within the limits of errors of random 

sampling, assuming that the variation within columns is ascribable 
to pure chance causes 

(c) the whole set of records could be combined together without loss of 

homogeneity. 

Analogous problems arise in the case of binomial population. The data 
such as these in Table 1 may now arise in a variety of ways. Thus, for example, 
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then values of a; m the column may represent the number of infested barley 
ears in n samples of, say, 100, drawn from the plot and k will represent the 
number of plots ; and the problems for consideration would then be whether the 
material is^ homogeneous within a plot, whether the proportion of infestation 
varies considerably from plot to plot and so on. 

_ The form of x‘*-technique is given in Table II, where in the case of the 

Poisson ^ Series 

represents the mean of the column 

X. . represents the mean of the total set of observations 
and in the case of the Binomial series — 

Pt. represents the proportion of infested ears on the plot 
p. . is the proportion of infested ears on all the plots 
S'f. = 1 — Pt. and a. . =1 — , 


Table II 


degrees 

of 

freedom 


Sums of squares 


V'ariation 


® for Poisson 


* for binomial 


Within 

classes 


Between 

classes 


Total 
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T1i 6 table is similar to that used in the process of the Analysis of Variance for 
Normal Variation, except for column (3) where the mean square in the Analysis 
of Variance is now replaced by The mean square is obtained by dividing 
the sum of squares of deviations by the corresponding degrees of freedom entered 
in column (5) ; the x^ is obtained by dividing the sum of squares of deviations in 
a class by the variance of the variate in the class. The computation involved in 
obtaining a x^ is extremely simple. 1{ . x are a sample from a Poisson 

Series 



n 

. i-' 


where 


— X 

T 


T = « £c = 


(3) 


»=i 


a form which is extremely convement for computation, noting especiaUy that 
a?! . . are aU integers. Por the binomial we have similarly 


Jt* 


Q 



( 4 ) 


The form of analysis given above is of general application and deals simply 
With variation within and between classes. Sometimes, however, it may be re- 
quired to subdivide the total contribution to x® into.its components correspond- 
L to desired groups of (or single) degrees of freedom. The process is of interest 
from another point of view ; namely of locating the main discrepancy m case a 
signiacant value of x* is obtained, which may in fact be due to some individual 
degrees of freedom corresponding to real effects which may be of importance to 
our enquiry. 
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Fishe^1iq?4Tr7^ subdivision of i^to its components is fuUy developed by 
Fisher [1934] and no space mil, therefore, be devoted here for its disoCon 

<ji.j3Sir “ I' •« 

FoUomng the entries in Table H, the values of the observed for variation 
mtlun and between columns are entered in column 2 of Table III The oorres 

finf , 'witJim columns is the total of twelve values of x* 

entered at the bottom of each column in Table I. ’ 


Table ni 


Variation 


d.f. 


5 per cent 

228 

264-4 

263-9 

11 I 

65*9 

19*7 


Within columns 
Between colmnns 


• 4 . 1 . • j -L oigxiiuuance, nae values oi for variation 

within and between columns are both significant, although the former is barelv 

Tl responsible for the fat 

total of 264-4, which represents the x* for variation within columns. With 

their exception, the variation may effectively be regarded as having arisen due to 
errors of random sampling. 

The significance of x® for variation between columns leaves no doubt what- 
ever on the point that a genuine change had in fact been brought about in the nu- 
cleus content of the air. It may, however, be asked whether the significance of 
the X* value might not solely be due to exceptionally high and low totals for 
columns 6 and 12, Indeed the x®’s obtained for these columns suggest that a 
significant variation in the composition of the air was brought about at the time 
when observations in these columns were being taken. The contribution to x* 
for variation between columns can thus be divided into two components x* and 
x% the first made by aU columns except 6th and 12th and consequently based 
on nine degrees of freedom, while the latter based on the remaining two degrees 
of freedom which are orthogonal to the first nine. 

Denote the totals for columns in Table I by On the hypothesis 

of equal expectation in all the 12 columns, x®i is obtained by dividing the sum of 
squares of deviations of (7i ..... .Os, ...... . .On by the variance of Ci which 

is 1461/12= 121-76; while x®a is obtained as the sum of x®’s corresponding 
to degrees of freedom given by ^ 

5 (Oa -j- Oia) — (Oj +••••+ O 5 -I- C7y -f- . .- 1 - 0 ^) 

Wid. Of — Oja wlup}! Rce I * 2 apd 36 * 6 respectiTely. 
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ThHSweliave 

k\ — 29*2 and 36-7, 

their total being 65*9, agreeing with the value of for variation between columns 
as it should. 

The five per cent values of x^ based on nine and two degrees of freedom 
respectively are 16-9 and 6-0. Both and x^a ^^us seen to be far above 
their five per cent values, suggesting that the change in the content of the air was 
not entirely due to two sudden disturbances but was probably brought about 
gradually. 

It is remarkable to note that of the contribution to x ^2 ^nade by the two 
degrees of freedom, namely 

S{Ge + G^,)-{G^+ ..+C, + G,+..+C^^) 

SindGQ — Gi2 

the contribution made by the first is only 1 • 2 while that made by the latter is 
35*5, showing how more than half the contribution to total x^ for variation be- 
tween columns is accounted for by a single degree of freedom corresponding to 
difference between the total number of counts observed from 12*12| to 12*17| 
and 12 *421- to 12 *471 respectively. That this contribution made by the contrast 
G^ — 0^2 is so high as 35*5 should not, however, be a matter for surprise, since 
the two values chosen are such that they yield the largest apparent difference be- 
tween any two values of the set. It is clearly possible that the difference between 
the highest and lowest values in the case of a fairly large sample will appear signi- 
ficant even though the material forming the sample is undifferentiated and homo- 
geneous ; much more so when the material is known to be heterogeneous as it pro- 
bably is in our example. The natural remedy to judge the true significance of the 
selected contrast is, therefore, to raise the usual level of significance in the inverse 
ratio of the total number of ways in which the values appearing in the contrast 
could equally be chosen from among the whole set. Since 1 in 20 is the level 
of significance employed in this paper we should expect that the level of signi- 
ficance for the special contrast should be 1/1320, The probability that the value 
of x^ for a single degree of freedom should be as large as 35* 5, which is the value 
of x^ for the contrast Gq — G^ 2 > found from the tables to be smaller than 1/1320, 
so that in spite of selection, the contrast Gq-Gi 2 is statistically significant judged 
by the new level of significance thus obtained. 
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Itoroduction 


The anthesis and polKnation of sorghum has been described in fBn a, * 
of these studies [Rangaswami Ayyangar and Panduranga Rao 1931] In this 

w'T “>6 ather. poIi.n and jndiS S 

have been in progress since 1931. ® Btuoieatnat 

The ahthbe 

A«f^er.me.-Variation in anther size is a varietal character. Even when 
devoid of pollen, the anther sacs in this cereal do not collapse The sa^ were 
measured closely after emergence. . P • sa^ were 


T.4BLE I 

\JLenglJi and diameter of anthers 
(.Average of 100) 


Varieties 


6\ roxh, var. Mans 
S* durra* 

nervosum . . 

S. maTgaritiferum 

Andropogon sorghum> VBx, technicus 


Length of anthers 
in mm. 

Diameter of anthers 
in 

3-6 

1,086 

3-26 

1,061 

3-0 

976 

2-75 

888 

2- 76 

1 . 

876 


The reduction in the size of the anther from the grain sorghum types to others 
with a lax panicle is interesting. 

( 1299 ) 
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■U ^ « «r ^,irra In the ear-heads of this as in other 
The common , Udicehed flowers. The sessile flowers are her- 

sorghums there are berth se^nd ^^^^ but occasionally hear 

mapteodlte. Tto ^ ,peas»ted 100 each aad gavo m average 

rT t **' 

diflerencesinsue consequen ^ Sometimes there are tillers which 

Grain sorghums are usually SI ^ markedly loose in 

give ear-heads. These ^ ^ main stalk. The length and breadth 

contrast to the were measured and compared with those on 

S™Tl~—)»d no difference ™ now 

Pollen 

1 Qwrrvfitli nnd snherical and contain a single 

The pollen grains of sorghiim ^e P differences. 

germ-pore. They vary m size and are roughly parau 


Variety 

S, rooeb* var. hictns 
S. cemuum 
jSf. durra 

A. S- var. techniem . 
S, nervosum 
S. margaritiferum 


Size range 
43 tx“62 \i 
37 ^-50 ^ 

37 ^-49 |X 


For » eomparative stndy the ^he* Uajening^ of 

ziz L'"f 

interesting. 

Dummy POLLEN 

- ” SSErGSH.“S 

They „«.uy ltemoIj» in «>« IE«.g«- 

pecuUar pollen grams have been ^ ^lave not, so far as 

»™-8’<Sdrrfng poilen of thi. peonliai type. Sinnl» 
iT^fSb in the .ffied Wd p™, - 


■ ^ "1 
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This dummy pollen and the details of its incidence formed the subject of in- 
tensi¥e studies. The occurrence of this peculiar pollen varies in the different 
varieties. 


Table II 


Distribution of dummy pollen in sorghum varieties {from ardJiers in the miMle of the 

ear-head) 


Varieties 

Total 
number of 
normal 
grains 

Numb er of 
dummy 
pollen 
grains 

Percentage' 
of dummy 
pollen 
grains 

Rhodesian wild sorghum 




4,005 

624 

13-6 

.4. var. technicus . 



* 

916 

113 

12-3 

iS, papyrascens , 




6,327 

616 

9*7 

S* nervosum 




2,115 

188 

1 S'8 

S* melaleucum . 




9,757 

671 

6 9 

S. roxb. var. kians 




1,683 

63 

3*9 

/S', durra , . 




2,786 

92 

3*3 

/S. cemuum 




1,361 

32 

2*3 

margaritiferum 


• 


1,795 

8 

0'4 

Andropogon annulatus 

• 

• 


2,091 

111 

5-3 


It will be seen that the higher types of cultivated varieties have a considerably 
lower percentage of these dummy grains. 


The incidence of ‘ dummy pollen ’ shows variations within the ear-head. 
Several anthers were taken at random from the top, middle and bottom regions of 
the panicle. Their examination shows that ‘ dummy pollen ’ is slightly less in 
incidence in flowers at the base of the ear-head. 

The incidence of the ‘ dummy pollen ’ in the unisexual flowers showed no 
appreciable difierence in this respect. It is remarkable that this unisexual condition 
has not affected either the size or the nature of the pollen population in these 
anthers. 
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The occurrence of this kind of ‘ dummy pollen ’ suggested an examination of 
pollen grains in other millets and it was noticed that no such ' dummy pollen ’ 
could be seen in Setaria italica, Eleusine coracana and the Panicvm millets. It 
was met with only in PenniseUim typhoideiim Each, (a millet of African origin) 
which, like sorghum, has both hermaphrodite and antheriferous flov/ers. In 
this millet this occurrence was noticed in a family in which there was considerable 
non-dehiscence of anthers. An examination of nearly 5,000 pollen grains in each 
of the dehisced and undehisced anthers showed the presence of about nine per cent 
of ' dummy pollen ’ in the former and less than one per cent in the latter. This led 
to a search for similar non-dehiscence in sorghum and in one instance this was met 
with. In this case, over 10,000 pollen grains in each of the dehisced and iindehisc- 
ed anthers gave about seven per cent of ^ dummy pollen ’ in the former and only 
0*6 per cent in the latter. No defects in the anther sacs were traceable. In 
these two millets the bulk of the flowers open during the cool hours of the night. 
In both of them there is a differentiation of flowers into herm aphrodite and 
antheriferous. The anthers of the antheriferous flowers are in the nature of a 
reserve to ensure pollination. A similar differentiation of functions in the pollen 
is, therefore, indicated with a view to ensuring the dehiscence of the anthers. 

In this connection it is interesting to record the behaviour of a cross between 
the normal grain sorghum and a papery-glumed sorghum 

in which there is erratic anthesis. In the second generation of this cross a number 
of plants with non-dehiscent anthers were met with. This character behaved 
as a simple recessive to the normal condition. An examination of the pollen grains 
showed that the non-dehiscence was due to the extreme paucity of ' dummy pollen ’ 
in the anthers. The above segregation is, therefore, virtually a segregation for the 
requisite proportion of ‘ dummy pollen ’ and the absence of the same leading to 
non-dehiscence and the attendant sterility (Table III.) 


Table III 




Fa 

Anthers 

Cross Nmnber 

Character of 

Dehisced with 
about 7 per 
cent dummy 
pollen 

Non-dehiscod 
with about 

0-1 per cent 
dummy pollen 

A. S. 6. OLII and 
CLVIT. 

Dehisced anthers and about 7 per 
cent dummy pollen 

106 

28 


Expected on 3 : 1 ratio 

100*5 

33*5 



P == between i 

}*2 and 0 *3 




POLLEK 0EEMI]SrATrON 

[1034] tb»e .. ^ > 

P... p,,, ^ ^ J “ 

«owe„. „„„ ^ «,,, ^ 

glucosesolutionafterSOminutes-fnin^ . , . otn 

■ ' solution after 25 minutes 

11 T ““ ^ “““ ‘° ‘“t Pl«e 

, m . out 16 u„uut». In thi, last co, ho^uet, tho pollan burst aUo, a 

«.vmu.„b„. Ina„poase,tbe8e,„ tube is coMpl.t.1, oattuded .to 6 to 10 
minutes. ’ According to Stephens and Quinbv “ Snrr,« f i. „ 

y • borne fresh pollen germinated 
on a glass slide in about 20 minutes sffpr niosU- r , 

dehiscence of the anthers. The time 
elapsing before the germination of other uolleTi otpi't. j 

P ranged up to one hour after 

CO eotion. By that time praotieall, all the poUe„ had ouU,p,,j „ 

A numbet of attempts were made to germinate poDen ^.^.s of sorghum at the 
Mdlets Breedmg Nation, Coimbatoro. Suffle. it to roeord that the optimum eon- 
contration was found to ho 41 per eent of eutuos. with shred aga, Ifom 0.,6 to 
1-5 per cent, Esp^riments showod that the pollen germin.Mon was «m,itiw t. 
the seasonal variation. In summer (May-Imre) 0-76 i.r „nt of shred aga, with 
pet cent of sucrose gave the best results, but in winter (Hoyember-Deeember) 
1-5 per cent shred agite was neoeteary. The germination of so.glmn toUen is 
thus seen to be dependent on a delicate adjustment otMro medium. It i, subtly 

senmt, veto the environmentthatsh-ghtohangesinth, concentration of the medium 

result m an appreciable drop in the germination percentage. 








S. (lurra. 


nervosum 


Fig. 2.— Stigmas (x l5). 
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any pptoM STatorf tut ™r tT“°® '“““™ *»”' 

betrayed no tendonolos to grow ttarde them ‘I*® P“IIe» ‘»bes 

commences a quarter to half an hour after the nnIT Polle° usuaUy 

(Plate LXVIII). It takes three four hr, medium 

ponen.tuheistLruIe. 

oocn^oe for poBon-tubes to b™t at vartooe ,tage, rfSgrttb, 

results are recorded in Table V In thi«i « was tried. The 

wise mentioned the material used is S. dlrra Tnd tht'srT ,f '"t"’ 
germination was forty-one per cent sucrose w4 agar 

Table V 



Number of poUen grains 


Varieties 

on the medium 

Percentage 

of 

germination 


Sown 

1 Germinated 

Summer (irrigated) — 




S. durra, var. 




Chinna Manjal 

Sen GJiolam . 

3,060 

1,719 

66*6 

Cold weather — 

1,061 

646 

61*1 

Night flowering. 



S* cemuum, var. 




Telia Jonna . 

S^ durra, var. 

8,780 

6,680 

67-0 

Peria Manjal 

S, rozb, var. Mans, 

5,489 

2,713 

49-4 

Talai^mrickan , 

S» nervosum, var. . 

8,840 

3,833 

43-3 

Irungu 

Andropogon Sorghum, var. technious. 

5,667 

1,902 

34-2 

Broomcom 

2,977 

447 


Day flowering. 

16-0 

S, margaritiferum, var. 




Zomha 

Wild allies. 

10,132 

9,040 

88-8 

Andropogon annulatus , , 

Andropogon pertusus , . , 

6,104 

4,410 

4,074 

449 

66-7 

10-2 


. 7.T a,r.,p ..xxuo Bccu 1,0 06 extremely variable in their response 

to artificial germination of their pollen grains. The high germinations that were 
obtained are noteworthy in view of the usual poverty of response common in 
oereal pollen, ^ 
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It was next attempted to compare the germination of pollen from bisexual 
and male flowers. It will be seen from Table VI that in the percentage of germina- 
tioii, the average length of the pollen- tube as well as the maximum length attain- 
ed by the tubes, the pollen from bisexual spikelets proved to respond better than 
the pollen from the staminate flowers. Pollen gathered in warm weather showed 
retarded pollen-tube growth. 

Table VI 


Pollen from bisexual and male fl.owers 



Number of pollen grains 


Average 

’ Maximum 


on the medium 

Percentage 

length 

length 




of 

of 

of 




germination 

pollem- 

pollen- 


Sown 

Germinated 


tube 

tube 






p. 

l-*ollen from — 






Bisexual 

17,379 

10,603 

60*4 

260 

1,296 

flowers. 






Male flowers . 

37,142 

•i 

6,464 

37-7 

■ 92 I 

642 


The germination percentage as well as the germination energy of pollen from 
staminate flowers is seen to be less than that of the hermaphrodite flowers. 
Seed- setting with these two kinds of pollen was tried on a small scale, with the 
following results. 

Table VII 


Pollen from bisexual and male flowers — seed-setting 





Number of 
flowers 
emasculat- 
ed and 
pollinated 

Number of 
seeds 
set 

. 1 

Percentage 
of seed- 
setting 

Pollen from bisexual flowers 



1 

73 

35 

48*0 

Pollen from male flowers 


‘ ■■ - 

79 

14 

17*7. 


Germinations were tried of pollen from anthers taken from the different parts 
of the ear-head. Those from the base of the ear-head showed the longest 
pollen-tube growth. 

Pollen being available from 2 a. M., it was next sought to find out the maximum 
germination energy of pollen grains gathered and set for germination at hourly 
intervals from 2 4 . m. to 10 4 . 




Time at which 
cultures were 
set up 


Table VIII 

Influence of the time of dmt on 

— ^ gem$naiion 


Number of pollen grains 

on the medium 


2 a. 

3 . 

4 , 

5 , 

6 . 

7 „ 

8 „ 
9 

10 


M. 



Pereeutacfe 
of 

pollen 
germi. 
uated 


Aver^ I Maximum 
length j length 
of ! of 


pollen 

tube 


pollen- 

tube 


1.735 

2,042 

1,696 

2,228 

2,626 

1,947 

2,135 

1,831 

1,566 


_ -A steady increaseiTnoticedtijTs^ IT ~ — — “ — 

wb.«h there i, a deelme. 6 e .!» i„ the rate “e^"“ “ 

Similar germihatiem ,ere m«Je trfth rT 
no appreciable differences except the absence Se 

PoUen from mature unopened flowers gave a nor i ' ' . 

Temperature.-To determine the effe!t of te response, 

pollen was sown on the culture medium and grLi ™ 
temperatures The germination records werf^^n 

Table IX 

f^Pemture on tU viabilifp of poUen 

/n 


Temperatures 

Number of pollen grains 

on the medium 


Sown 

Germinated 

X ercenDage 
of 

germination 

io°a 

30®a * * 

„ , . '• ■ ■ : ’■ . ■ 

40^0. 

50®C. 

3,161 

1,680 

2,522 

2,699 

1,236 

2,628 

964 

1.271 

1,286 

163 

j , — 

83*1 

56-6 

50-4 

47-6 

13 1 


0 2 



Kfumber of pollen grains 
on the medium 


Germinated 


Percentage 

of 

germination 


Light , ■ • • ■ 1,492 392 27-4 

„ (duplicate) . ■ • • 1,464 395 27-2 

„ (triplicate) • • • • • 1^32s 44 3-3 

Darkness • • ... • g.^ 

„ (duplicate). . • • • jfii 

„ (triplicate) . • • • • ’ 

The inhibiting efifects of darkness on poHen germination are patent. The 
of Uaht on poUen growth in artificial media being thus determined, its effect 
f attempted. It wt found that flowera poIl naW 

Witf poEen exposed to light resulted in thirty-six per cent of successful seed^ 

setting whEe those dusted with poEen from darkness for twenty-four hjinrs resuM 

in complete sterility. Thisfavourahle effect of light on poEen germination has to 

berememhered in ' connection with the higher germination percentage of the 

day fioweriug S. margaritiferum. 

growth of the polUn-tube.-A great difSculty in foEowing up the progress of 
the growth of the poEen-tube is its tendency to burst. This may happen at any 
stage of the observation and is not surprising in view of tho dehcato equipoise 
that is necessary between the culture medium and the contents of the PoEon- 
tnhe A slight disturbance in the balance is enough to arrest growth and the 
tube's hurst. This increases the difflenlties of observation and many tubes had 
%o he abandoned on this account. 
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Low temperatures have a distinctly beneficial effect ^ 

I five ner cent over those of the control temperature could be 

T ed in th2 favour This accounts for cold days and the colder hours of the 
day teldSg to be more favourable for pollen germination. The Spree eho, that 
SlTmpfrature. up to 35“0. ensure about Sfty per e.„tgormmat.on that at 
WC. this percentage is likely to be kept up and that an moreaae to BO 0. gives 

a sudden drop in germination. 

Light— 'Fveah. poEen was oarefuEy folded in two paper packets and kept m 
a beak!r in moist cLmbers. -A black paper wrapped well round one of the moist 
chambers out off all light. Samples were sown from the control as well as that in 
darkness after forty-eight hours. 

T*Ai:iT.Tn T 
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The nowfli cuire of tom poEen-tube. from btoal flowers have been plotted 
in the staphs (Eg., land 2). They all drew the same general tendeney-a 
Lliml^y of growth, a rapid elongation and a gradual tehne- 

Slg tZ Lve a somewhat shaBow S flr.pe. The first hem of growth 
u not very rapid bnt after that it gathers momontnm and the ^atol elongation 
is about tLt time. The deohne is more gradual than the earlier acceleration. 

The growth curve of the poUen from the staminate flowers has the saine 
general s£pe and tendency hut the rate of growth k different. _ It is not only 
low at first, but continues at a slow pace for a much longer period. Mter this 
belated period of initial growth some speed is attained and as m the other c^ 
is foUowed by a gradual dechne. The tubes are never able to reach the same 
length as those recorded for the poUen from bisexual flowers. 

In nature, therefore, the pollen from staminate flowers is considerably handi- 
capped. It is not numerous, is comparatively poor in germination, and slow 
ai feeble in growth, rarely attains the length of the tubes of the pollen from 
bisexual flowers, and is consequently not so effective in fertisation. These 
handicaps are in tune with the general degeneracy of the pedicelled spikelet. 

Nvdeua.—ln most cases of germinating pollen, the lengths of pollen- 
tubes obtained in artificial cultures are negligible compared with the distance 
these tubes have to traverse to reach the ovary. In sorghum also it was not 
possible to secure the requisite lengths. The maximum length of tube obtained 
was 1,300 (1 as against the 6 mm. necessary to reach the ovary. 



Due to the dense contents of the poUen grains of sorghum, in many cases, 

the nuclei did not take the stain. BeUing’s Iron-aceto-carmine I was used 

to stain the nuclei. Prior to the shedding of poUen, there is only one big nucleus 
in the poUen grain. Shed pollen shows a tube nucleus and two generative nuclei. 
It is, therefore, probable that this differentiation of nuclei takes place at the time 
of shedding. The tube nucleus is generally larger than the generative nuclei. 
Sometimes it does not take the stain and when it does stain, it is usually hghter 
than the generative nuclei. The tube nucleus is usually at the gram end. In a 
few cases in Andropogon annuMus, the tube nucleus migrates far into the tube. 
When this occurs aU the three nuclei are found together. In 8. margantiferum 
and Ardropogon annuMus the nuclei are more or less spindle-shaped. In 
8. durra, the nuclei are larger and more elongated. The position of the generative 
nuclei follows no general rule. They are generally separated but sometimes are 
found close together. They may be found anywhere along the entire length 
of the tube. It is not necessary for poUen-tubes to be particularly long for the 
nuclei to migrate. Even in short tubes they are in evidence. • In many cases, 
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, ^ ' 1,%I I 

In iriSrted 

nuclei for all outward appearances, are fZnT i 

It zs drfficult to assess tire influence of tire nuclei o^ plftu^ 

adversely affecting its^^ItSty without 

breeding, it frequently happens that two differe^^“f plant- 

cross, do not have a common flowering neriod Tf it is desired to 

could be kept viable until the required tiL 1 in- I 

solved. Ap« ft„„, it, tt. co,,pekT^Zt““"‘ 

According to Patel and Patel r 1 Q 9 q i 

nation for at least thirty hours. ThelL^^^T g®“- 

Stephens and Quinby [ 1934 ] find at ChillicotiT ^ i« not given by them, 
after five hours sorghum polli Tot: «^^-rica, that 

The moisture- content of Dollen nf Q 

per cent by drying the pollen m ™ ot7sZhuT“^-d'^ 

perature and pressure until a constant at laboratory tem- 

exposed to the atmosphere 

shrmiken pollen does not set seed »iti 

sieeating .gents like .ulpt^'L lTZ Ite- 

PoHen pre«,„ed in .n .Lospher, ofl^rT i"?' P»““' 

l»ty nnder tedueed pressZoX Tot. ®“- 

sueeesses in the case o£ other kinds of pollen haTe'beel 

whole enclosed in moist chambers TT Z fu “ beakers and the 

28 per cent) were oZld artrt t germinations (about 

kiUed the pollen. It is difficult to sa^whethw^LisI’'*' ""dr 

serve the pollen. But, however carefuUv thp pv \ conditions per se can pre- 

by fungi occurred ; the probabilities are tl, t conducted, infection 

~ agont, .r f ^glt^n^r “iT. - 

tept“"o^rt„ta° 

results and life lingered till avati + * 4 . 1 ^ ji ^ 

-d .got. 








Table XII 

Pollen longevity— ^on the stigma 
Pollen frcm bismial flowers 


Ntunber of pollen grains 
on the medium 


germination 


Sown Germinated 


24 honrs old 
48 j> » 

72 »» >j 

96 » 9) 

120 ft 99 

144 „ 



w j. ujL/xjiiS 




hi 

Tabf.e XIII 

^0‘i^nlongevUy^s,^ed.setiing 

P ollen stored at 1fi°ri «•». - ^ 

euatto o. in an tce-chamber 
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Age of pollen 

Humber of 
flowers 

emasculat- 
ed and 

pollinated 

j 

Number of 
seeds 
set i 

Percentage 
of seed- 

setting 

24 lionrs old’ • , 


^ ^ ^ 


72 

^ »5 » . , 

38 

10 

26*3 

96 „ „ . . 

42 

13 

21-0' 

* 

46 

2 

■ 4-3 


____ . I J I 

The pollen is capable of fertilising iirTii^^+i, * 1 , • ~ 7 ~ 7 ~ — 

measure. Dead pollen differs little Lm lieS 

tion test is the only guide aa deirir* f u” 0 «nnim,. 

Ouing to the wot fertilitalion mr ahundaLul nXt' 

" * ‘to rtrse ot pollination 

miu-ked contrast to that of Stephens md Onin^ nsSf.' ” ” 

The stigma 

literature on it is very “ *'■» P»lle>>- The 

to male observation, on and doe. not S ^ 3 .“'" 

thepoDen. Most of the work has tbft,.r>fin same easy handling as 

receptivity. Pollen detaches from th^ fl ^ssue of stigmatio 

has the disability of being stationary. tS »,Jt™ 

oft the ear-head and placing the stalk in walr ^ was minimised by cutting 

interfere with the onenine of IIip fl j noticed that this did not 

siderable time. Ey Said tt.™T nf f* > »»■ 

stigma unde, diffemnt esperimenfal cSSs 

E.^103I ,. The sfjma 1.^^. ^."^TrTrun^Xiudir* 

in this spindle can be made out — a brush like ‘vne wfii i, • shapes 

a bushy one chariptprJQfip rf <? » 7 . wnieh is the commonest and 

br.nchLra:«ra:™aett.T*C^^^^ >»*>■ 

towards both ends • the tonmos^t hrancb i branches diminishes gradually 

, me .ropmost branch IS, however, shorter than the lowest, 
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Table XIV 

Length of siigmatic branches 
(Average of 100 readings) 


Varieties 


8* durra • 

8^ cemuum 
8* nervosum 
S> roxb, var. hians 
8, margaritiferum 
A* 8^ var, technicm 


Length of stigmatic branches at 


Base 

Middle 

Top 

lA 

g. 


370 

556 

222 

344 

' 630 

185 

308 

456 

173 

240 

460 

197 

185 

344 

98 

173 

344 

123 


Variations have been found, in the lengths of the style and stigmatic portions 
and in the combined length of the style and stigma. A typical pure line from 
each of the following varieties was taken and measurements were recorded 
(average of 100 readings). 

Table XV 

Variation in the length of style and- stigma 


Varieties 


Length of 

Total 
length of 
style and 
stigma 
mm. 

Ratio of 
style 
<and 
stigma 

Style 

mm. 

Stigma 

mm. 

2*25 

2-25 

4*50 

1 : 1 

2-00 

2-00 

4 00 

1 : 1 

1-75 

1 1-75 

3*50 

! : i 

1-50 

j 1-50 

3-00 

1 : i 

2-50 

! 1 *25 

3 *75 

2 : 1 

2-50 

1 l-OO 

i. 

3*50 

2*6 : 1 


8» cernuum 
8* durra 

A. S* var. technicus 
8* roxb. vox* Mans, 
8* nervosum . 


It will be seen that the combined lengths of the style and stigma is the greatest 
and S, durra ; most of the cultivated varieties belong to the latter, 
in 8. nervosum, the reeddike fodder variety in which the grains 
.6 glumes. The other varieties have intermediate lengths. In 
j8. margaritiferum, and .4. S, ysLT. tedmicua, the style and 
.Q roJcJh, var, hians^ and S, nervosum', the length 


STDDBES m SOaGHTJM. m 

of th. ..bi ^ !tn ta”f 

stignia has been recorded FRaiKyaswA a stigmatic zones of the 

1935], ‘ “oaswamy Ayyangar and Panduranga Eao, 

oa«dTtao5«l%S’^Ll“’ “"*7 “» 8"^ of «■« Polta. 

»omng. fL aTpSi bSr, , oP“ oo^f 

remaining flowers were em^culated in ^ flowers were clipped off. The 

After eight hogrs the .erZlp “ , “’’““8 “<> Pol»n>*e<i the Beil momiBg. 

quantity of -w-ater The nnllPYv f h ^ ^ lactic phenol dilated with an equal 

hour Th«In took tfle stain in about hatf^^ 

serily fond foSSeTlr ““ “ “"•’“““S -“f »ot Bece,- 

<»B»n.d, poUeC'dlZn ■” “'^hBB. i. 

io”, r** ’■" “0 “‘O' «‘ 

• /» 1 * Another panicle was kept outside as control TIia nawf 

later the stigmas were 

T f gonnmated and ungerminated on the stigma were mSt 

with the aid of an Okular Netz micrometer (Zeiss). were made 

Table XVI 

of temperature on the recepti vity of the stigma 

■'■'■'J.I.I.ll— I 


Temperature 


io°a 

Control (26'5®C.) 
30®C. 

Control (26 •5^0,) 
34®C. 

Control (26 ‘S^C.) 


No. of pollen grains 
on the stigma 

Percentag® 

of 

germination 

Sown 

— 

Germinated 

1 

2,886 

■ 2,690 

93-2 

3,177 

2,661 

83*7 

1,426 - 

- 846 

69*0 

2,443 

2,109 

86*0 

4,231 

1,004 

23-7 

7,867 

7,403 

94-0 


• VAiAwvBV vrx CV VV/XAXJ.AVA«iUUiU ttliU U VeP OH inO 

stigma and the favourableness of the lower temperature. Low temperature is 
thus found to be favourable both for the germination of pollen and the receptivity 
of the stigma. 

Hximidity, — ^Fresh pollen was dusted on the stigmas kept in a moist chamber 
under saturated moist conditions overnight. Counts show that such h inpi d 
condition^ redupo tho receptivity of the stigma^ ' - 
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Table XVII 

Effect of humidity on the receftivily of stigma 


Treatment 

ISTuniber of pollen grains 
on the stigma 

Percentage 

of 

germination 

Sown 

Germinated 

Saturated moisture . • • 

Control ^ « * * • - 

21,877 

7,867 

.• ^ . .. 1 

4,090 

7,403 

18*7 

94*0 


Desiccation.— F ot the moist chamber in the above experiment a desiccator 
with calcium chloride was substituted. This desiccation of the atmosphere for 
about twenty hours had no effect on its receptivity to fresh pollen applied after 


such desiccation. 

Table XVIII 


EffeM of desiccation on the receptivity of stigma 


Treatment 

Number of fresh pollen 
grains on the stigma 

Percentage 

of 

Sown 

Germinated 

germination 

Dry . # • • * * • 

2,784 

”2,462 

88*4 

„ (duplicate) . . . * • • 1 

3,096 

2,766 

89-0 

,, (triplicate) • • , . 

2,761 

'■''2,521 

91*0 

Control • . • • - • * 

2,985 

2,765 , 

92*6 

„ (duplicate) 

3,111 

. V . 2,851 

91*6, 

„ (triplicate) , 

3,165 

2,850 



Light. — To t^t the effect of light on the stigma on the plant in the field two 
emasculated sets of flowers on the same j^anicle were chosen. One of these was 
wrapped in a fine tissue-paper bag and the other in a fine black paper bag, so as 
Jo cut off all light, Mfteen hours later, they were pollinated. The germination 
figures show that darkheas does not favour the receptivity of the stigina. Sced^ 
iietting trials confiriued the above experience, 


Table XIX 

(a) Effect of light on the receptivity of stigma 
(In clarlmeRs for 15 hours prior to pollination) 



(6) Effect of light on stigma and the resultant seed-setting 
(In darkness for 24 hours prior to pollination) 


Treatment 


Light 

Darkness . 


Number of 
flowers 
emasculated 
and 

pollinated 


Number of Percentage ol 
seeds seed 

set settin 


Though the largest anthesis is as early as 2 a. m., when the mass of liberated 
jjoUen escapes the devastating influences of desiccation and gets an assured lodging 
in the stigmatic feathers, the optimum germination of such pollen gets deferred 
to daybreak and the availability of light. This definite differential behaviour 
in the receptivity of the stigma passed through darkness raises the interesting 
question of the delicacy of response to light even of so weak an intensity as that 
of the moon’s. 

Pollen-prepote7icy.—ThB differences in the size and colour of pollen in sorghum 
are not marked enough to effect a pollination with a combination of different 
kinds of pollen and test pollen-prepotency on the same stigma. It was, therefore 
necessary to emasculate and dust two different sets of flowers on the same panicle. 
One set was dusted with its own pollen and the other with foreign pollen. 



Number of pollen grains 
on the stigma 


Percentage 

of 

germination 

68 ‘I 
73-6' 

93 - 0 
93*3 

90-6 

94 - 4 


Soto 


Germinated 


Gro poHen (from yellow grained variety) . 

Own pollen (from yellow grained variety) 
(duplicate). 

Foreign pollen (from red grained variety) . 

Foreign pollen (from red grained variety) 
(dupHcate). 

Foreign pollen (from white grained variety) • 

Foreign pollen (from white grained variety) 
(duplicate). 


(6) PoUen-prepotency — Seed-setting 


Number of 

flowers Number of 
emasculated seeds 

and set 

pollinated 


Percentage of 
seed^ 
setting 


48 -6 
66-6 
62^8 


Tabli XX 

(a) PolUn-prepofency--^PoUen germination 


Own pollen (from yellow grained 
variety). 

FiMreign pollen (from red grained 
variety). 

Foreign pollen (from white grained 
variety). 


It will be seen that foreign pollen is favoured. 

Varietcd difference in receptivity. — Stigma-receptivity in various varieties 
was Med both for pollination and seed-setting. Two sets of ten plants from a 
chosen. Pollen was dusted (after emasculation) to flowers on one plant 
e^iy day. In om set the stigmas were kiHed eight hours after dusting and the 
other wn»"iioW#l%r seei* 
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Table XXI 

{«) MecepUmty of stigma in varieties — pollen germination 


Variety 


durra (var. Telia Jonna)— 
Stigmae 24 hours old 
ft 48 ft tp 


72 „ 

96 „ 


„ 120 
„ 144 


8f dutra (var. Peria Manjaiy 
Stigmas 24 hours old 

99 48 99 

99 72 ft 99 

99 9 6 99 99 

tt 120 99 99 


roxh, var. htana (var. Talaivimchan) 
Stigmas 24 hours old 

99 '48 '#f„ , 99 . 


„ 72’ 

96 
120 


Humher of pollen grains 
on the stigma 


Sown Germinated 


Percentage 

of 

germination 


11,426 

11,626 

1,477 

1,724 

1,666 



10,322 

10,962 

742 

938 

m 





Ir 
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Table XXI— cowieZ. 


(6) Receptivity of stigtna in varieties — seed-setting 



Variety 

Number of 
flowers 
emasculated 
and 

pollinated 

Number of 
seeds 
set 

Percentage of 
seed- 
setting 

S^foxh, Ya.T, Mans (var. Talawrichan — 
duration 160 days) — 

Stigmas 24 hours old 

35 

26 

74-3 


48 99 99 * 

■ 37 

15 

40^6-: " 

99 

72 99 39 • • 

29 

13 

45 *0 


96 99 99 * * 

33 

3 

9*0 

8* durra. (var. P&ria Manjal — dura- 
tion 146 days)— 

Stigmas 24 hours old 

99 

41 

41-4 

99 

s 48 „ 

63 

26 

•■41*3 

99 

72 99 99 • 

45 

13 

29*0 

99 

99 99 • 

57 

12 

21*0 

8^ durra* (va 
tion 115 da 
Stigmas 

r. Chitrai Vellai— -dxxra- 
fa)— 

24 hours old . 

59 

33 

56*0 

99 

48 99 99 

69 

30 

43*5 

99 

, 72 tf 99 . . 

60 

11 

18*3 

99 

96 9 9 99 * • 

57 

4 ■ . i 

7*0 

99 

120 99 99 » ♦ 

59 

■■ ■ '2 : 1 

3*4 

8» durra* (va 
tion 105 da 
Stigmas 

e. CJiinna Manjal — dura- 

ys)— 

24 hours old 

84 

63 

63*1 

99 

48 99 99 • ♦ 

82 

52 

63*4 

97 

72 >5 , 

42 

11 

26*2 

99 

96 „ „ . . 

99 

■ 7 

7*4 

99 

120 9 9 99 • . • 

177 

14 

7*9 

8* durra. (var. Vellai Gholam — dura- 
tion 95 days) — 

Stigmas 24 hours old 

24 

17 

70*8 

99 

48 9 9 99 • . 

31 

21 

67*7 

■ 99 .. 

72 99 99 • • 

32 

2 

6*1 

' 99 ' 

96 99 99 • • 

24 

. 1' '■ ■! 

4*2 


It •will be noted that seed sets in stigmas that are forty-eight hours old after 
which there is only a weak setting leading to none on the sixth day. The ex- 
periences of Stephens and Quinhy [ 1934 ] in which they record receptivity up to 
Mxteen days is, therefore, a great divergence from, this South Indian experience. 
It will be seen that the duration of a variety did not alTect the duration of the 
receptivity of its stigma. 
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In a liealtliy stigma, the feathers are turgid and stand at right angles to the 
axis— which is a sign of their receptivity. Before the opening of the flower, they 
are not turgid and remain adpressed to the axis. Under adverse conditions— like 
disease, etc., — the feathers are flaccid and have a withered look. 

ConrMsion.--Th.e foregoing data show that darkness and humid conditions 
impair the viability of the pollen and the receptivity of the stigma. Low tem» 
peratures favour the receptivity of the stigma and the germination of pollen. 
Desiccation quickly kills the pollen but has no effect on stigma-receptivity. Sor- 
ghum is wind-pollinated and well adapted to arid rigions ; the stigma provides 
a large surface area to catch the pollen and suitable suhstratnm, for its germina- 
tion (and protection from desiccation). The poUen and stigma are both delicate 
structures. The details of their delicate response to their environment show 
that a fine equipoise between the ability of the pollen to germinate and the stigma 
to he receptive has been achieved. A careful examination of the sorghum stigma 
showed no fluid excretions nor does it exert any tropistic influence. The role of 
the stigma, therefore, seems to he to maintain optimum moistme conditions for 
pollen germination. 

Summary 

In sorghum the anthers vary in size but not in shape; The commonest culti- 
vated varieties possess the biggest anthers. The pollen grains also- vary in size 
and roughly parallel anther-size difierences. Dummy pollen is peculiar to 
sorghum. It occurs in Pennisetum iypfioidemn also. Its incidence and functions 
are detailed. It is found that its incidence in numbers large enough to ensure 
anther opening, is a simple dominant to poor incidence leading to non-dehiscenoe 
and sterility. 

Sorghum pollen is highly sensitive to the medium in which it is grown. 
Forty-one per cent sucrose with 0'75 (summer) and 1 • 5 (winter) per cent shred 
agar is found to be the best medium for the artificial germination of pollen. 
Germinations are better on cloudy, humid days than on hot, dry days. Considerable 
variation is found in the germination percentage of cultivated varieties. Compared 
with the night-flowering varieties, the day-flowering variety gave a much higher 
germination percentage. Pollen from staminate flowers has a distinctly lower 
percentage of germination and the tube length is comparatively shorter. Though 
pollen germinates from 2— 10 a. m., best germinations are obtained from material 
between 7 A. M. and 8 a. M. Low temperatures have a distinctly beneficial effect 
on pollen germination. Up to 40''C, the germination is fairly good but beyond 
that there is a sudden drop in germination. Darkness inhibits the germination 
of pollen. The pollen grain has a tube nucleus and two generative nuclei. In 
S, margaritiferum and A'ndropogon anwlaiuSy the xxuclei are spindle-shaped. In 
S, durra they are larger and more elongated. In the initial stages, the pollen-tube 
from the pollen of staminate flowers grows slower than that in bisexual flowers. 
To attain its maximum length, tbe^poUen-ttibe takes three to four hours in artificial 
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cultures. Under saturated conditions for forty-eigM hours, twenty’^eight per 
cent of the pollen remains viable. Pollen is capable of fertilising up to the third 
day though in. a very weak measure (21 per cent). 

Stigmas have the shape of truncated spindles. Two types of stigmas— a 
brush-like common one and a bushy one characteristic of 8* roxb. var. Mam, and 
8, nervosim--&Te met with. The germination of pollen on stigmas is very high. 
Stigma-receptivity is impaired by rise of temperature or humidity and darkness 
inhibits it though desiccation of the atmosphere does not seem to afiect it. Seeds 
set in stigmas that are forty-eight hours old after W'hich there is only a weak 
setting leading to none on the sixth day. The percentage of setting decreases 
with the age of the stigma. The duration of a variety does not seem to influence 
the duration of the receptivity of its stigma. The role of the stigma seems to 
be primarily to maintain optimum moisture-conditions for pollen germination. 
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Rhizoctonia batatioola (Taub.) Butler, or its pycnidial stage Macrophomina 
phaseoli (Maubl.) Ashby, has a very wide host range, yet so far this fungus has 
not been reported to cause disease in joivar, Andropogon sorghum. In 1930 
[Uppal, 1931] jowar plants in many fields in the neighbourhood of Broach 
in Gujarat were observed to show signs of early maturity, and on closer 
examination were found to have become stiff and dried up. When stalks of 
such plants were split' open, the pith and fibres were found studded with numerous 
black sclerotial bodies. In the following year a seedling blight of appeared 
in an epidemic form in East Deccan following periods of heavy late rains and 
high temperatures, and the diseased plants also exhibited the general symptoms 
of drying and premature ripening. It seems very probable, however, that the 
disease has existed in the Bombay Presidency for many years, although it has 
not so far been reported elsewhere in this country. Recently Mackie [1932] 
has described a similar disease in maize &om California. 

The disease 

The disease is common in rabi jowar on the bhata soils along the Ner- 
budda river in Broach and near Mohol in East Deccan. The bhata soils are sandy 
loam to silt loam and are formed every year by the deposition of silt and other 
fine material brought with flood waters during the monsoon. They are de- 
ficient in humus and have low power of retaining moisture. The soils in East 
Deccan, however, are medium black and are retentive of moisture. 

Infection in kharif jowar has never been observed as evidently the environ- 
mental conditions during the monsoon are not favourable. The seriousness 
of the disease in rabi jowar, however, is greatly modified by the character of the 
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season in any particular year, infection becoming general when heavy rains and 
high temperatures are experienced in October or early November. In such 
years seedling blight is very common in East Deccan, resulting in irregularity 
of stand and subsequent reduction in yield. Observations during the past five 
years have shown that the disease is, on the whole, of sufiScient economic import- 
ance. 


Sijmpf(ms—Genemlly there is no external evidence of the disease until 
the plant approaches maturity. At this time infected plants show premature 
ripening, but the ear-heads are poorly developed (PL LXIX, fig. A). The stallcs 
are weak as they are hollow inside, and may break under the force of strong wind. 
These stalks are easily shaken by wind and, as they strike against each other, 
they produce a sound somewhat reminiscent of the beating together of hollow, 
dry sticks, and hence the disease is aptly called Ichadkhadia in Broach. 

When the infected stalk is split open, numerous black bodies are seen clus- 
tered round the fibrovascular bundles and in the medulla or pith ; they are not 
present in the inner cortex. These small bodies are the sclerotia of the fungus 
and are found for considerable distances up in the stem and down in the roots 
(PL LXIX, fig. Bl). The development of the sclerotial bodies in the pith causes 



this tissue to disintegrate, resultiag in the longitudinal splitting of the internal 
tissue along the bundles into masses of fibres (PL LXIX, fig. B2). The develop- 
ment of sclerotia on the fibrovascular bundles interferes with the normal move- 
ments of water and food materials in the plant, resulting in premature ripening 
and shrivelling of grains in poorly developed ears (PL LXIX, fig. C). The dis- 
integration of medulla or pith, on the other hand, weakens the plant which may 
break under the force of wind. 

The fungus enters the plant through small feeding roots and ascends the 
stem for considerable distances and in some cases may be traced up to the ear- 
head. In the earliest stage of the disease the cortical tissue at the collar has a 
flaccid appearance, later turns reddish brown and ultimately rots away. If 
environmental conditions may turn out very favourable in the early stage of 
attack, seedling blight becomes very destructive, and the cultivator attributes 
depletion in stand to poor germination or to hot weather injury. 

Inoculation expebiments 

Numerous isolations have been made from diseased jowat plants collected 
in widely separated localities, and in all cases a fungus has been obtained that 
on potato-dextrose agar produces mycelium similar to that of Rhizoctonia, and 
later forms black sclerotia and in some strains also produces pycnidia contain- 
^ pycnospores. This fungus is indistinguishable from Macrophomina phaseoli 
(Maubl.) Ashby, the pycnidial stage of Bhizoctonia hataticola (Taub.) Butler, 
which is commonly isolated from cotton plants suffering from the so-called root- 



Fig. a. Left. An ear-liead from an infected plant. Fig. C. Left 100 seeds from a normal ear-bead. 
Right. A normal ear-head. Plight. 100 shrivelled and poorly developed 

seeds from a diseased ear-head. 


Fig. B. (1). A diseased plant showing sclerotial bodies in the pith and in the roots; 
(2) Disintegration of pith and separation of vascular bundles. Sclerotia 
attached to bundles ; (3) A healthy stalk split open. 
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^ order to test its pathogenicity, the fungus (Broach strain, i.e., the isolate 
o_ Ma^o^Tiomim. ^Mseoh from Broach) was multiplied on Richard’s a<^ar in 
giant Erlenmeyer flasks, and the resulting mycelial growth was uniformly mfrS 
with sterilised nver soil, which was then put into large glazed containers Jowar 
was SOTO m these containers ; four weeks after sowing the seedling plants were 
examined, and six out of twenty plants showed root infection and hLwning of 
the Stem at the collar (PI. LXX, flg. 2) and gave a pure culture of the fuZs on 
isolation. The control plants remained healthy. g s on 

In another test jowar plants were grown in Knop solution in Roux tubes 
arid smaU bits of apr culture of the fungus (Broach strain and Mohol strS’ 
he lattOT bemg an isolate from Mohol) were placed on cotton wool close to the 
""Tl incubated at 30 to 35° C. In a few days the seedIfrL 

w lapsed the roots turned brown, and numerous small black bodies appeared 
m the stem and roots. Microscopic examination of these plants show^^ that 
m addition to sclerotial bodies, pycnidia were also produced by Mohol strain.’ 
on rol plants remamed healthy. The results are recorded in Table I. 

Table I 

Macrophomina phaseoh pathogenic on jowar plants grown in Roux tubes 


Fungus 


ITo. 

plants 

inoculated 


Per cent 
of infec- 
tion 


Bemarks 


SZ?stS“. : ; I 

° iOO Solerotia and pyeni* 

Control ... S o produced 

^ 0 Plants healthy 

Rgecf of soiUempmture on tw/ecJiow.— Keld observations indicated tZt 
Macrophormna disease in jowar usually becomes serious during and after periods 
of high temperatures. Experiments were, therefore, made to determine the 
relation of soil-temperature to infection. The results of one of these experiments 
are described below. 

Inoculum was prepared by growing the fungus (Broach strain) on Richard’s 
agar, and a definite quantity of it was added to sterilised soil in each galvanised 
iron container. Temperatures ranging from 20 to 40° C. were maintained con- 
stant in Sod Temperature Tanks of Wisconsin type. Jowar plants were grown 
in the containers at different sod-temperatures for six weeks, after which period 
the containers were removed to a glasshouse and plants allowed to grow to ma- 
turity under ordinary conditions. After the plants had produced ear-heads, they 
were split open and the presence or absence of sclerotial bodies in the stem and 
roots was noted in each case. Control plants were grown at each temperature 
and were similarly treated except that no inoculum was added to the soil. The 

results are summarised in Table IL 



1326 


INDIAN JOUBNAIi OF AGRICULTURAL SCIENCB 

Table II 

Jtdation oj soil-temperature to infection of jo-war 


[VI, m 


Soil-temperature (°C.) 

No. plants exposed 
to infection 

Per cent of 
infection 

20-0 

30-0 

33-0 . 

36- 5 . 

37- 6 . . 

40-0 

34 

35 

28 

19 

23 

25 

0*0 

0*0 

7-1 

36*8 

13*0 

0-0 


It will be seen trom xaoie xx ^ 

infection, whiob falls off appreciably below and above this level At 30 C. and 
below no disease developed in plants which made normal growth There was 
also no infection at 40° G., but plants suffered from the effects of high tempera- 
ture and made poor growth. Seedling bhght occurred at 35-6 and 37 5 C., 
but this type of injury was not common at 33° C. In all cases control plants 

remained healthy and produced normal ear-heads. 

Effect of soil-moisture on m/ec^iora.— Experiments were further made to deter- 
mine the rektion of soil-moisture to infection in correlation with optimum soil- 
temperature (35° C.). These experiments included a range of soil-moistures 
from twenty to sixty-five per cent based on the water-holding capacity of the soil. 
All plants were grown in different soil-moistures in Soil Temperature Tanks for 
six weeks and then grown to maturity under ordinary conditions. The resu ts 
are recorded in Table III. 

Table III 

Relation of soil-moisture to infection of jowar 


Water-holding capacity of soil 

No. plants exposed 
to infection 

Per cent of 
infection 

20 . . . 

11 ■■ 

0 * 0 ; ■ 

30 . . . 

11 

0‘0 

40 . . . 

11 

0*0 

50 

9 

O'O 

66 . . . 

9 

33*3 


It will be seen from Table III that high amounts of moisture in the soil are 
favourable to infection, the fungus becoming completely inactive in fifty per cent 




PLATE LXXI 



Figs. 1. Young liypliae of Macrophomina pjhaseoli colourless ^ and full of protoplasm showing 
characteristic branching. (x560). 2. Old hyphae thin and with little or no protoplasm. 

(X560). 3. a-d Successive stages in the formation of sclerotia. (X560). 4. Black, 

carbonaceous sclerotia. (Xl50). 5. Showing range of size and shape of conidia. 

germinating conidia. (x560). 6 . Pycnidia with a truncate ostiolum, and conidia. 

(xiio). 
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water “holding capacity of the soil or lower moisture-content. Since soil-mois' 
ture is generally below the favourable level of infection under the normal range 
of field conditions during the rahi season in East Deccan, high temperatures 
alone do not seem to be sufiicient to induce infection under conditions of low 
soil-moisture content. Soil-temperature and soil-moisture are thus the limit- 
ing factors, the fluctuations of which determine the occurrence and severity of 
infection of jowar. These results confirm the common observation that the 
disease is prevalent in rahi jowar following periods of heavy rains and high tem- 
peratures. In years when no late rains are received, the disease does not appear 
in East Deccan although soil- temperature in October and early November is 
generally favourable to infection. 

It is also the general observation that clayey soils are more favourable to 
infection because of their ability to retain moisture, than loose sandy loams. In 
an experiment jowar plants were grown in clay and sandy loam at 35® C., and 
to these equal quantities of inoculum were added. The results in Table IV show 
that the percentage of infection in clayey soil is much higher than in sandy loam. 

Table TV 


Effect of type of soil an infection of jowar 


Type of soil 

No. of plants in test 

1 

1 Per cent of infection 

Sandy loam 

20 

10 

Black soil (clay) . 

20 

85 


Morphological characters op the puhgus 

The morphological characters of Macrophomina phaseoli vary with the age 
of culture. When yoimg, the hyphae are colourless and full of dense protoplasm ; 
they average about Sp in diameter. Their branching is characteristic ; the 
branches He almost parallel to the main hypha and are constricted at the point 
of union ; a wall is laid down a short distance from this point (PL LXXI, fig. 1). 
With age the hyphae become thin, brown and vacuolate, the lumen ultimately 
containing little or no protoplasm. The branches then lie almost at right 
angles to the main hypha (PL LXXI, fig* 2). 

In young cultures the sclerotia become visible in forty-eight to seventy -two 
hours at about 27® C. They are formed from a hypha the ceUs of which repeat- 
edly divide giving rise to masses of irregular and barrel-shaped cells. Secondary 
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branches arise and curl round one another so that a minute sclerotium is formed. 
These bodies rapidly grow and soon become black and carbonaceous (PL LXXI, 
fig. 4). A few stages in the formation of sclerotia are shown in the plate (PL 

LXXI, fig. S a-d). 

Both Mohol and Broach strains form sclerotia freely on potato-dextrose 
agar and also show concentric zoning in plate culture (PL LXXII, fig. A). 
Saltations may arise spontaneously, and Plate LXXII shows a sterile form pro- 
duced by Mohol strain, in which mycelium is submerged instead of aerial (PL 
LXXII, fig. B). The range of sclerotial size of Broach and Mohol strains is 

given in Table V. 


Table V 

Diameter of sclerotia of Macrophomina phaseoH 


Fungus 

Range 

Mean 

Broach strain 

40— 220 [I 

130(1 

Mohol strain . . , • 

40— ISOjx 

110(1 


It will be seen from the table that Broach and Mohol strains have a mean 
sclerotial diameter of 130{x and IlOp respectively. Haigh [1930] has divided 
different strains of Macrcyphomina pJiaseoU into A, B and C groups on the basis 
of the mean sclerotial diameter in culture. According to this classification both 
Broach and Mohol strains fall m the C group having small sclerotia with a mean 
sclerotial diameter of about 120jjl or less, although the upper limits of the range 
of sclerotial measurements, particularly of Broach strain, overlap the lower end 
of Haigh’s B group having a mean sclerotial size of about 200p. 

Pycnidia are freely produced by Mohol strain on jowar seedlings grown in 
Roux tubes with Knop solution, but have never been observed in Broach strain. 
They are blackish brown with a truncate ostiolum and measure from about 150 
to 290^1 in diameter (PI. LXXI, fig. 6). The pycnospores are mostly oval or 
elliptical in shape, hyaline, continuous and with a thin wall ; the content is finely 
granular (PL LXXI, fig. 5). In size they vary from 10 to 24pi X 6 to 10^, 
mostly 14 to 20[ji x 6 to Sp ; these measurements agree with those given by 
Ashby [1927] for the fungus, although the conidia on jowar are somewhat 
smaller in length. In germination the conidia produce one or more germ-tubes 
(PL LXXI, fig. 5). 

CXTLTUKAL CHAEACTEES OE THE EUNGIJS 
Orowth at different temperatures. —The effect of temperature on the rate of 
growth of Broach and Mohol strains on Richard’s agar was studied. Each strain 
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PLATE LXXII 




Fig. B. (1). Normal culture of Mohol strain showing aerial mycelium and sclerotia 
saltant on potato-dextrose agar showing submerged dark strands of hyphae. 


Fig. a. Cultures of Broach strain of Macrophom,ina phaseoU on potato-dext 
concentric zonin<?. 


rose aaar sti 
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was grown in duplicate at different temperatures. Measurements of colony 
diameter were made daily for seven days ; but at optimum temperatures the 
fungus growth covered the whole plate at the end of three days. The curves 
showing graphically the rate of growth of the two strains at different tempera- 
tures at the end of three days are given in Fig. 1, 


If- 

*• — 

m- 



Fig. 1 . Relation of temperature to radial growth of Mawphomim phaseoU. 

In general, the two strains have about the same rate of growth at different 
temperatures, although Mohol strain grows faster than Broach strain. The 
optimum temperature of Broach strain lies between 30 and 34 *5^" C. and of Mohol 
strain between 30 and 37"^ C. ; at higher levels the radial growth of the two strains 
falls off sharply. The fungus also makes very slow growth at lower temperatures. 
Whilst Mohol and Broach strains made no growth at 9° and 11° C., respectively* 
at the end of two days, they had made slight growth after five days. At lower 
levels, however, growth was completely checked. At 40° the two strains make 
feeble growth in the beginning, but at the end of seven days colonies of Mohol 
strain measured 3*9 cm. in diameter, and those of Broach strain were hardly 
1*9 cm. 

Growth in liquid media . — ^A series of flasks was set up containing 500 c.o. 
quantities of each of the seven synthetic liquid media. The flasks were inoculat- 
ed with Broach and Mohol strains and meubated at 30 to 32° C. ; duplicate testa 
were run in each case. At the end of fifteen days the cultures were filtered and 
the mycelial mats were washed and dried between blotting paper and then 
over calcium chloride in vacuo for a week. The mats were finally weighed 
.{Table VI). .. „ 
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Table VI 



Dry weight of mat in 



grms. 


Culture medium 

Broach 

strain 

Mohol 

strain 

Remarks 

Meyer . . • • 

Czapek . . * • 

Richard . . * • 

Pfeffer . . * • 

Fermi . . . - 

Coons . * . . 

Cohn . * 

3*430 

3*310 

2*900 

2*257 

0*510 

0*640 

0*290 

4*140 

3*805 

3*380 

3*140 

1*410 

0*840 

0*620 

n - Tiyi 

Many sclerotia 

SJ 

5» 

9 > 

Few sclerotia 

91 

Very few sclerotia 


it will De seen inaii wie nwu ouioiiiio ^ 

ing an abundance of sclerotial bodies. Czapek’s, Richard’s and Pfeifers solu- 
tions were also very suitable for growth and sclerotial formation. In Fermi s 
and Coons’ solutions, however, the two strains make very poor growth, and the 
number of sclerotia formed is also very small. Cohn’s solution seems to be the 
least suited both for growth and sclerotial formation. It appears that vigoroiJS 
mycelial growth induces abundant sclerotial formation. 

Broach strain does not grow as well as Mohol strain in different liquid media. 
Growth m solid media.— Five solid media were, tested. Equal quantities 
of each medium were poured deep in Petri dishes. All media were inoculated 

in duplicate with the two strains, and plates were incubated at 30-32*=^ C. Measure. 

ments of colony diameter were made for seven days, but as the fungus 
growth covers the surface of plates in four days in some cases, figures of four 
days’ growth only are recorded in Table VII. 

Table VII 

Growth of Broach and Mohol strains on solid culture media 


Culture medium 


Colony diameter in cm. after days 


Quaker oats agar 
Potato -dextrose agar 
Com-meal agar . 
Richard’s agar . 
Brown’s agar 


M* 

B 

M 

B 

M 

B 

M 

B 

M 

B 


1st 

2nd 

3rd 

4th 

1*2 

**4-2 

7*2 

9*0 

1*0 

4*0 

6*6 

8*6 

0-6 1 

2*2 

** 5*5 

7*5 

1*0 

2*5 

4*5 

6*0 

2*0 

4*2 

**6*2 

9*0 

1*5 

3*0 

4*0 

4*5 

0*0 

0*2 

**2*0 

4*2 

0*2 

1*2 

2*5 

6*0 

0*5 

2*2 

4*6 

6*5 

0*5 

1*7 

3*7 

4*6 


♦ M ” stands for Moho^ stram and ** B ” for Broach strain. 
♦* Piist appearance of sclerotial bodies* 
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It -will be seen from the table that, except on Richard’s agar, Mohol strain 
grows faster than Broach strain. Quaker oats agar promotes good myceHal 
growth, and sclerotia appear in culture on the second day after inoculation. Sclero- 
tia are also formed freely on potato-dextrose agar, corn-meal agar and Richard’s 
agar, but do not appear until the third day after inoculation. On Brown’s agar, 
however, no sclerotia were observed even until the ninth day after inoculation! 

Growth ^ in nutrient broth in relation to H-ion cowcenifroiioji.— Broach and 
Mohol strains were grown in nutrient broth adj^gted to different reactions at 
30-32° 0. After fifteen days the dry weight of mycelial mats was determined 
and is shown in Table VIII. 

Table VIII 

Growth of Broach and Mohol strains in nutrient broth at different pH 


The two strains can tolerate a wide range of H-ion concentrations, whilst the 
range of optimum reaction appears to lie between pH 3*4 and 6*4, indicating that 
acid reactions favour growth of the fungus. Sclerotia are formed in culture at all 
reactions, but they are more numerous in acid than in alkaline reactions. 

Growth m Box’s agar in relation to E-ion concentration. — Box’s agar was made 
up and adjusted to different pH values by the colorimetric method. Before 
pouring into plates, a suitable indicator-dye was added to each set of the medium. 
The two strains were then grown on the meditun, and after incubation at 30-32°C., 
the plates were examined after every tweniy-four hours for four days to note 
the colour changes in the medium below the fimgus colonies. Thus, if a small 
amount of the fungus culture is transferred to a plate of Box’s agar of pH 12*4 


pH 

Dry weight of mat in mgrms. 


Broach strain 

Mohol strain 

2*6 .... . 

4 

3 

3*4 

117 

110 

4*5 . . 

118 

129 

5*4 . . . . . 

113 

115 

6*4 

75 

67 

7*4 .... . 

46 

60 

8*3 . . . 

43 

32 

9*4 

49 

29 

10*4 . . 

19 

32 

11*4 . 

4 

11 

12*4 . ... 

2 

0 
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Table IX 


Growth of Broach and Mohol strains on Box's agar at different pJJ 


pH 

Colony di 

1st 

ameter in cm. 

2nd 

after days 

4th 

2*6 . 




. M* 

2*0 

6*9 

9*0 





B 

1*6 

4*2 

8*6 „ 

3*4 . 




. M 

2*7 

7*2 

9*0 





B 

1*8 

4*8 

9*0 

4*6 . 




. M 

2*7 

7*2 

9*0 





B 

2*0 

5*0 

9*0 

5-4 . 




. M 

2*8 

7*1 

9*0 





B 

2*1 

6*1 

9*0 

6*4 . 




. M 

2*7 

7*0 

8*7 





B 

2*0 

4*5 

8*7 

7*6 . 




. M ' 

2*1 

6*8 

8*9 





B 

18 

4*0 

8*7 

8*6 . 




. M 

2*2 

7*0 

' 8*9 





B 

1*7 

4*0 

8*6 

9*6 . 




. M 

2*3 

6*6 

8*9 





B 

1*6 

3*7 

8*5 

10-4 . 




. M 

2*5 

6*3 

8*9 





B 

1*6 

3*2 

8*2 

11-4 . 




. M 

2*3 

6*9 

8*6 





B 

0*8 

1 3*0 

8*3 

12*4 , 




. M 

2*0 

6*2 

7*3 





B 

0*6 

2*9 

6*4 


* “ M ” stands for Mohol strain and “ B ” for Broach strain. 


It will be seen that, as in the case of nutrient broth, the optimum reaction 
for the growth of the two strains (after 48 hours) appears to lie between 3*4 
and 6*4. At the end of ninety-six hours, however, there was little or no difference 
in the rate of growth on Box’s agar at different reactions due to progressive 
chaise towards acidity of the more alkaline media. Sideris [1929] has shown 
that ‘‘acidic substances may be formed during metabolic activities at pH values 
above that of the isometabolic point of the substance concerned, and basic 
substances may be formed below this point The rapid changes in pH value 
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induced in the agar substratum, however, may be due to lesser diiFusion of the 
metabolic products of the organism in the solid than in the liquid medium, and 
this may explain the result that the growth on Box’s agar is practically normal 
after ninety-six hours at such higher pH values as pH 10*4 to 12 *4; In acid 
reactions mycelial growth is aerial and fluffy, becoming more and more flat as the 
reaction shifts towards alkalinity. Sclerotia are not formed in highly alkaline or 
highly acid reactions, but are numerous between pH 5*4 and 6*4, their number 
decreasing as the medium becomes more acid or more alkaline. These results are 
in general agreement with those of West and Stuckey [1931] for MmrophomiTia 
phaseoU from cotton. 

Rdatim of oxygen to vegetative growth , — ^An experiment was made to determine 
whether or not Macrophomina phaseoU can grow on culture media in the absence 
of free oxygen in the surrounding atmosphere. A small bit of a vigorously growing 
culture of the fungus was transferred to a plate of potato-dextrose agar, and the 
latter was then placed in a desiccator. For the elimmation of oxygen from the 
desiccator, an alkaline solution of pyrogallol was used, which was prepared with one 
gram of pyrogallol and 10 c.c. of ten per cent potash-water for every 100 c. o. of 
air space [Smith, 1905]. 

The desiccators were incubated at room temperature for one month, but no 
growth was observed in the plates. However, when the plates were removed 
from the desiccators, distinct signs of growth were visible after two days. In 
another test the fungus was still viable after the plates had been in an oxygen-free 
atmosphere for two months. These results indicate that Maorophmina phaseoU 
can lie dormant in poorly aerated soils and may resume activity on the return of 
favourable conditions. 

Summary 

Macrophomina phaseoU is shown to be responsible for a seedling blight and 
hollow-stem of fowar, a disease which is new to the Bombay Presidency and has 
not so far been reported elsewhere. The disease is common on hhata soils in 
Broach and on medium black soils in East Deccan. 

The fungus enters the plant through feeding roots and ascends the stem and 
maybe traced up to the ear-head. There is no external evidence of the disease 
until the plant approaches maturity. At this time infected plants are found to 
have boUow stalks and produce a characteristic sound as they are forcibly shaken 
by wind ; hence the disease has been given the name “ hollow-stem Seedling 
blight is also common and may become very destructive under conditions of high 

soil-temperature and high soil-moisture content. 

The fungus normally forms sclerotia, but Mohol strain of the fungus also pro- 
duces the pycnidial stage on seedlings grown in Roux tubes. 

The disease is most active at high soil-temperature (35°C.) and high soil-mois- 
ture ppntent, thus confirming the general experience that mfection in rdbi jowar 
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follows periods of beavy rains and high temperature. The disease is more common 
in clayey soils than in silt loams. 

The morphology and cultural characters of the causative organism have 
’been described. 
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The Cultivated Races of Sorghum. By J. D, Snowden. Printed for the 

Trustees of the Bentham-Moxon Fund, by Adlard and Son, Ltd., 21, Hart 
Street, London, W. G. 1, May 1936. Price 10s. 6d. 

Spread as sorghum is, over the colonial possessions of many European 
nations there has been much work of an isolated type done in many places. The 
latest attempt at a classification of cultivated sorghum was by Dr. Stapf in 1917. 
He was not in possession of such valuable material as Mr. Snowden was lucky 
enough to deal vdth. Mr. Snowden has taken the commendable course of re- 
cognising the noLore distinct t3rpes of sorghum as definite units with the status 
of species. From this point of view he has given a comprehensive classification 
of cultivated sorghums. Under each group cultural and economic notes have 
been added. These help the economic botanist to appreciate the status of a 
variety both in his classification as well as in its economic possibilities. Clear 
illustrations of typical varieties help in elucidating the description of these species. 
A final chapter traces the relationships of the wild and cultivated sorghums. 
An exhaustive bibliography of over 500 references is given. Indices of botanical 
names, of vernacular names, and of countries and regions complete the helpful- 
ness of this valuable publication. The Trustees of the Bentham-Moxon Fund 
have to be congratulated for financing the publication of this useftil and thorough 
book. It is up to workers in sorghum in the various parts of the world to utilise 
this valuable publication and gain help in completing the knowledge on this 
important food crop. [G. N. R. A.] 

Flour Milling Processes- By J. H. Scott. (Published by Messrs. Chapman 
& Hall, London). Pp. XV + 416, Price 21s. net. 

This work by J. H. Scott does not claim any finality in its presentation of the 
laws governing the processes of flour milling. Prior to the publication of this 
book, except for “ The Physical Science of Hour Milling ” by Sir Ernest Simon, 
there has not existed any work wherein the machinery employed to mill wheat 
into flour has been taken step by step and its operations reduced to scientific data. 

Mr. Scott has done this and also measured the extent of the effect of external 
influences on the operations and although the result is not perfect it is extremely 
valuable in itself and also as a very sound foundation, together with the above- 
mentioned work, for the building up of scientific literature on the subject of 
flour manufacture. 

The need of this has been urgent for many years. ^ Knowledge of the subject 
has been shrouded in a mass of guess work, confusing because of the many vary- 
ing factors to be found. 
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The amount of exact knowledge of wheat and flour, though far from com- 
plete, has been greater than that available concerning the operations employed 

in converting one into the other. , „ . , 

Mr. Scott has gone far towards supplying the deficiency and reasons and 

presents his conclusions very clearly. 

Pioneer work of this nature is difficult and laborious and it may be thought 
that too little attention has been given to some subjects and too much to others. 

This is almost inevitable. ^ 

Experienced mfflers will be famihar with the problems discussed but will 
find old facts presented in a more convincing way and also many new ideas. 
Knowledge based on hearsay and supposition is ignored or refuted. This, of 
course, renders the book particularly useful to students. 

Especially valuable, I think, are the sections on “Behaviours of moisture 
in wheat ”, " Conditioning ” and “ Machine and commercial flour ”. AU that 
is written on roll action is extremely interesting and well reasoned but in this 
the author relies more on theory — ^very carefully compiled theory. 

The effort expended in the preparation of Section V — “ The bushel weight of 
wheat ” is to my mind rather wasted. Varying conditions are so numerous as 
to make this method valueless except as a rough guide. 

The rest of the book maintains the high standard the author has set himself, 
makes very interesting reading and covers all the main mechanical and some of 
the bio-chemical problems to be met in flour manufacture. 

Auxiliary plant and its effect of mill products is not fully treated. 

The appendix with which the work concludes is very useful in parts and in 
parts too complex for the reviewer to offer any opinion. [H. P. M.] 


THE DESTRUCTIVE INSECTS AND PESTS ACT, 1914 


THE DESTRUCTIVE INSECTS AND PESTS ACT, 1914, AND THE RULES 
FRAMED THEREUNDER BY THE GOVERNOR-GENERAL-IN- 
COUNCIL FOR REGULATING THE IMPORT OP 
PLANTS, ETC., INTO BRITISH INDIA 

Corrected up to 1st Octol)er 1936 
ACT No. II OF 1914 
{Amended up to May 1931) 


Passed by the Goveemoe-Geheeal of India in Council 
{Beceived the assent of the Governor-General on the 3rd February 1914) 

An Act to peevent the inteoductton into Bbitish India of any insect, 

FUNGUS OE OTHEE PEST, WHICH IS OE MAY BE DESTEUOTIVE TO CEOPS 

Wheeeas it i.s expedient to make provision for preventing the introduc- 
tion into British India of any insect, fungus or other pest, which is or may be 
destructive to crops ; it is hereby enacted as follows : — 

1. This Act may be called the Destructive Insects and Pests Act, 1914. 

2. In this Act, unless there is anything repugnant in the subject or context, 

(«) “ crops ” includes all agricultural or horticultural crops, and trees or 

bushes ; 

(6) “ import ” means the bringing or taking by sea, land or air ; and 
(c) “ infection ” means infection by any insect, Lmgus or other pest in- 
jiirioas to a crop. 

3. (1) The Govemor-General-in-Council may, by notification in the Gazette 
of India, prohibit or regulate, subject to such restrictions and conditions as he 
may impose, the import into British India, or any part thereof, or any speeifaed 
place therein, of any article or class of articles likely to cause infection to any 

crop. 

( 1337 ) 
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Protection 
to persons 
acting under 
Act. 


(2) A notification under this section may specify any article or class of 

articles either generally or in any particular manner, whether with reference to 

the country of origin, or the route by which imported or otherwise. 

4 A notification under section 3 shall operate as if it had been issued under 
section 19 of the Sea Oustoms Act, 1878, and the officers of Customs at every ylllof 
port shall have the same powers in respect of any article with regard to the im- 
portation of which such a notification has been issued as they have for the time 
being in respect of any article the importation of which is regulated, restricted 

or prohibited by the law relating to Sea Customs, and the law for the time being 
in force relating to Sea Customs or any such article shall apply accordingly. 

5 (1) The Local Government may, subject to the control of the Governor- 
General-in-Council, make rules for the detention, inspection, disinfection or des- 
truction of anv article or class of articles in respect of which a notification has 
been issued under section 3 or of any article which may have been in contact or 
proximity thereto, and for regulating the powers and duties of the officers whom 

it may appoint in this behalf. 

(2) In making any rule under this section the Local Government may 
direct that a breach thereof shall be pimishable with fine, which may extend 
to one thousand rupees. 

6. No suit, prosecution or other legal proceeding shall lie against any person 
for anything in good faith done or intended to he done under this Act. 


RULES FOR REGULATING THE IMPORT OF PLANTS, ETC., INTO 

BRITISH INDIA 

Notificaiim No. F.-S20f35‘A., dated the 20th July 1936 


In exercise of the powers conferred by sub-section (1) of section 3 of the 
Destructive Insects and Pests Act, 1914 (II of 1914), and in supersession of the 
notification of the Government of India in the late Department of Revenue and 
Agriculture, No. 580-240, dated the 22nd June 1922, the Govemor-General-in- 
Counoil is pleased to issue the following order for the purpose of prohibiting, 
regulating and restricting the import into British India of the articles hereinafter 
specified. 


ililiii 


DESTRUCTIVE INSECTS AND PESTS ACT 13Si* 

,”L In this order— . , 

(i) '‘Official certificate” means a certificate granted by the proper 

officer or authority in the country of origin ; and the officers and 
authorities named in the 3rd column of the first Schedule appended 
hereto are the proper officers and authorities to grant, in the coun- 
tries named in the second column, the certificates requii’ed by the 
provisions referred to- in the first colunm thereof ; 

(ii) " Plant ” means a living plant or part thereof but does not include 

seeds ; and 

(Hi) " Prescribed port ” means any of the following ports, namely, Bombay, 
Calcutta, Cochin, Dhanushkodi, Karachi, Madras, Negapatam, 
Pangoon and Tuticorin ; 

(iv) All provisions referring to plants or seeds shall apply also to ail pack* 
ing material used in packing or wrapping such plants or seeds. 

2. No plant shall be imported into British India by means of the letter or 
sample post ; provided that sugarcane for planting intended to be grown under 
the personal supervision of the Government Sugarcane Expert, Coimbatore, may 
be imported by him by such post. 

3. No plant shall be imported into British India by air ; provided that plants 
which are infested with living insects and are intended for the introduction of 
such living insects may be so imported if they are accompanied by a special certi- 
ficate from the Imperial Entomologist to the Government of India that such 
plants are imported for the purpose of introducing such insects. 

4. No plants other than fruits and vegetables intended for consumption, 
potatoes and sugarcane shall be imported into British India by sea except after 
fumigation with hydrocyanic acid gas and at a prescribed port : 

Provided that plants which are infested with living parasitized insects and 
are intended for the introduction of such parasites may be imported -wdthout 
such fumigation if they are accompanied by a special certificate from the Im- 
perial Entomologist to the Government of India that such plants are imported 

for the purpose of introduGing such parasites. 

Provided also that in the case of plants imported direct by Mr. M. K. Seetha- 
rama Chatty so long as he holds the post of Superintendent, Government Gardens, 
Mysore, such fumigation shall be dispensed with on condition that Mr. Seetha- 
rama Chetty makes himself personally responsible for the effective fumigation 
under the supervision of the Mycologist of the Mysore Agricultural Department 
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of all such plants within four days of their landing in India, and that before re- 
lease from the fumigatorium the plants are certified as free from insect pests and 
diseases by the Government Mycologist and by the Government Entomologist, 

Mysore State* 

Provided also that rubber plants, stumps and bud wood which the certificate 
required by paragraph 5 shows to have been grown in Sumatra or in the Federated 
Malay States and which are intended to be grown in the Tenasserim Division of 
Burma, may be imported without such fumigation at any port within the Tenas- 
serim Division of Burma. 

5. No plants, other than fruits and vegetables intended for consumption 
and potatoes, shall be imported into British India by sea unless accompanied 
by an official certificate in the form prescribed in the third schedule that they 
are free from injurious insects and diseases. 

6. Potatoes shall not be imported into British India by sea unless they are 
accompanied by — 

{a) a certificate from the consignor stating fully in what country and 
in what district of such country the potatoes were grown and guaran- 
teeing that warty disease was not known to exist on the farms where 
the potatoes were grown ; and 

(6) an official certificate that no case of warty disease of potatoes has 
been known during the twelve months precedmg the date of the 
certificate within five miles of the place whore the potatoes were 
grown. 

Provided that potatoes may be imported from Italy if they are accompanied 
by a certificate of freedom from disease granted by a Royal Phytopathoiogical 
Institute in Italy. 

Provided also that potatoes may be imported under a certificate from the 
Imperial Economic Botanist, Imperial Agricultural Research Institute, New 
Delhi. 

7. Rubber plants shall not be imported into British India by sea unless, 
in addition to the general certificate required under Rule 5 they are accompanied 
by an official certificate that the estate from which the plants have originated or 
the individual plants are free from Femes semitostus, Sphcerostible repe7is^ 
FuaiclcdiummacrosporumojidOidiumhevecB, 

8. No Lemon plants, Lime plants. Orange plants, Grape-Fruit plants or 
other citrus plants and no cuttings of such plants shall be imported into British 

i ; Ladia unless, in addition to the general certificate required under Rule 5 they are 
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accompaDied by an official certificate that they are free from the Ma! de Secco 
DcutcTopJiQwhd tTdcliBiphild or that the disease does not exist in the country 
in which they were grown. 

9. (1) The importation of sugarcane into British India by sea from the Kji 
Islands, New Guinea, Australia or the Philippine Islands is prohibited absohitelj. 

(2) The importation of sugarcane into British India by sea from any other 
country is prohibited unless, in addition to the general certificate required under 
Rule 5 it is accompanied by an official certificate that it has been examined and 
found free from cane borers, scale insects, aleurodes, root disease (any form), 
pineapple disease (TMelaviopsis paradoxa), sereh and cane gummosis, that it 
was obtained from a crop which was free from mosaic disease and that the Fiji 
disease of sugarcane does not occur in the country of export : 

Provided that in the case of canes for planting imported direct by the 
Government Sugarcane Expert, Coimbatore, and intended to be grown under 
his personal supervision, such certificates shall be required only in respect of the 
freedom of the country of export from the Fiji disease of sugarcane, 

10. Hevea rubber plants and Hevea rubber seeds shall not be imported into 
British India from America or from the West Indies except by the Director of 
Agriculture, Madras Presidency. 

11. (a) Seeds of flax, berseem and cotton shall not be imported by letter or 
sample post, otherwise than by sea. 

(6) The importation of ‘ Mexican Jumping Beans * (Sebastiania palmeri 
of the family Euphorbiacese) is prohibited absolutely. 

12. Coffee plants, coffee seeds and coffee beans shall not be imported into 
British India except for experimental planting purposes only by the Director of 
Agriculture, Madras Presidency, who shall take all measures necessary to ensure 
that such coffee plants, beans or seeds as are imported by him are free from plant 
diseases and injurious insects. Provided that the prohibition hereinbefore con- 
tained shall not apply (i) to roasted and ground coffee, or (n) to a consignment 
of unroasted or unground coffee beans or seeds produced in India and covered 
by a certificate “*01 origin in the form set forth in the fourth schedule appended 
hereto and signed by one of the authorities specified in the fifth schedule appended 
hereto. 

13. Flax seeds and berseem (Egyptian clover) seeds shall not be imported 
into British India by sea, unless the consignee produces before the Collector of 
Customs a license from a Department of Agriculture in India in that behalf. 

14. (1) IJnginned cotton other than cotton from a Kathiawar port which 
has been produced in India shall not be imported by sea or by air. 
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(2) Cotton seed shall not be imported by sea save for experimental purposes 
by one of the officers named in the second schedule appended hereto, and shall 
not be so imported by such officeri save at the port of Bombay and in quantities 
not exceeding one hundredweight in any one consignment and on condition that 
it will be fumigated on importation with carbon bisulphide : 

Provided that, if the cotton seed is accompanied by a certificate from a 
Government Entomologist of the country of origin to the effect that the seed 
and its container have been treated in such a way as to destroy all insect life, 
the seed shall be examined on importation by such officer as the Govemor-General- 
in-Couneil may appoint and shall not be required to be refumigated unless such 
examination shows that refiimigation is necessary. 

15. Nothing in these rules shall be deemed to apply to — 

(1) the import of any article into Aden, or 

(2) the bringing by sea or by air from one port or place in British India, 

not being in Aden, to another such port or place. 

First Schedule { Pmugm/ph 1 {iy\ 



Country of origin 


Authority 


Great Britain and Ireland 


The Ministry of Agriculture and Fisheries, 
England. 

The Department of Agricultux’e, Scotland. 

The Ministry of Agrieulturo, Northern Ire- 
land. 

The Department of Agriculture and Technical 
Instruction for Ireland. 

The Ministry of Agriculture. 

The Norwegian Board of Agriculture. 

The Ministry of Agriculture. 

■ Ditto. ■ 

The Ministry of Agriculture and Forestry. 

The Ministry of Agriculture. 

The Department of Agriculture. 

Chief Quarantine Officcu* for Plants. 

Department of Agriculture, Industries an<} 
Commerce, Wellington. 

The Department of Agriculture. 

Ditto. 

Boyal Hungarian Service fur Protection of 
Plants (M. Kir Novonyvodelmi Szolgaiat). 


Sweden . . . 

Norway 

Denmark 

France .... 
Japan (including Formosa) 
Italy 

Kenya Colony 
Australia 
New Zealand 


Holland 

Germany 

Hungary 
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Para- . 
graph 

1 

Country of origin 

2 

.Authority ■ 

.. .3. 


Other countries . 

The Ministry or Department of Agriculture of 
the country concerned. 

7 

Ceylon .... 

The Department of Agriculture. 


Malay Peninsula . . . 

The Department of Agrieultiire, Straits Settle- 
ments and Federated Malay States. 


Dutch Indies 

The Department of Agriculture, Industry and 
Commerce. 


Belgian Congo 

Ditto. 


Kenya Colony 

The Department of Agriculture. \ 


Uganda Protectorate 

Ditto. 


Kyassaland . 

Ditto. 


South Africa . . 

The Union of South Africa, Department of 
Agriculture. 

8 

J apan (including Formosa) 

The Ministry of Agriculture and Forestry. 

Italy 

The Ministry of Agriculture, Royal Italian 


Greece . , . 

Phytopathological Institute. 


Ministry of Agriculture. 


Palestine . , . . 

Department of Agriculture and Forests. 


South Africa 

The Union of South Africa, Department of 
Agriculture. 


Northern Rhodesia 

1 Department of Agriculture. 


Southern Rhodesia 

Ditto. 


Other coimtries 

The Ministry or Department of Agriculture of 
the coimtry concerned. 

9 

Dutch Indies 

The Department of Agriculture, Industry an<l 
Commerce. 


Mauritius . 

The Department of Agriculture, 


Philippine Islands 

The Bureau of Agriculture. 


Japan (including Formosa) 

The Ministry, of Agriculture and Forestry. 


South Africa . . . 

The Union of South Africa, Department of 
Agriculture. 


• • * • 

The Ministry of Agriculture. 


West Indies . 

The Imperial College of Tropical Agriculture, 
St. Augustine, Trinidad. 


Windward and Leeward Islands 

5 Advisory Department of Agriculture at the 
Imperial College. 


British Guiana 

The Department of Science and Agriculture. 


Trinidad 

The Department of Agriculture. 


Jamaica 

Ditto, 


United States 

Ditto. 


Ceylon 

Malay Peninsula . 

Ditto. 

The Department of Agriculture, Straits Settle- 
ments and Federated Malay States. 


Kenya Colony 

The Department of Agriculture. 


Queonslaild . . . * 

The Department of Agriculture and Stock. 


* Whon a Customs officer receives a cemncaTC requuea oj. 
from aii\^ country not specified by name in the part of the schedule which relates to 
■ such certificate, he 'shall after passing the consignmmt forward the certificate to the 
Government of India, Education, Health and Lands Department, for information. 
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Second ScHEDtriE [Paragraph 14 (2)] 


The Director, Imperial Institute of Agricultural Besearch, New Delhi. 

The Secretary, Indian Central Cotton Committee, Bombay. 

The Director of Agriculture, Madras Presidency, Madras. 

The Director of Agriculture, Bombay Presidency, Poona. 

The Chief Agricultural Officer in vSind, Karachi. 

The Director of Agriculture, Punjab, liahore. 

The Director of Agriculture, United Provinces, Lucknow. 

The Director of Agriculture, Central Provinces, Nagpur. 

The Director of Agriculture, Bengal, Dacca. 

The Director of Agriculture, Bihar, Sabour. 

The Director of Agriculture, Assam, Shillong. 

The Director of Agriculture, Burma, Rangoon. 

The Agricultural Officer, North-West Frontier Province, Peshawar. 

The Director of the Institute of Plant Industry, Indore. 

The Director of Agriculture, ffis Exalted Highness the Nizam’s Dominions. 


Hyderabad. 

The Director of Agriculture, Mysore State, Bangalore. 

The Director of Agriculture, Baroda State, Baroda. 

The Director of Agriculture, Gwalior State, Gwalior. 

The Director of Agriculture and Fisheries, Travaneore State, Trivandnira. 
The Superintendent of Agriculture and Panehayats, Cochin State, Cochin. 
The Revenue Commissioner, Porbandar State, Porbandar, 

The Chief Revenue Officer, Nawanagar State, Nawana-gar. 

The Agricultural Research Officer, Nawanagar State, Nawanagar. 

The Revenue Commissioner, Bhavnagar State, Bhavnagar, 

The Revenue Commissioner, Morvi State, Morvi. 

The Revenue Commissioner, Junagadh State, J unagadli . 

The President of the Chamber of Agriculture, Pondielierry. 


Third Schedum (Paragraphs) 

Certificate, 

This is to certify that the plant(s), living plant(s) or plant products {Strihe 
OVA tU words not applicable) included in the consignment, of which particulars are 

given below v/eT&j-was thoroughly examined on the (date) 

by (name) authorised official of the,... 

and found to be healthy, no evidence of the presence of any injuri- 

on^iMect, pest, or disease [destructive to agricultural or horticultural crops or 
to trees or bushes] having been found in/on them and that the consignment (in- 
cluding the packing) covered by this certificate has/has pot beep treated in the 
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following manner fumigat-ed with. . . . . , , . ... .or disinfected with. . . . ... , . . ) 


immediately subsequent 

^ in the field by a duly authorised inspeotor on. .... ... . . ... . . . , . 

Not inspected ^ 

(Signature)...... 

(Official status) ............... . 

Date. 

No. and description of packages 

Distinguishing marks. ............... ...... 

Description of plants or plant products or parts thereof 

Stated to be grown at 

Exported by, 

Name and address of consignee 

Name of vessel or particulars of route ; 

Date of shipment ..... 

Port or place of entry 

Additional Certificate(s) attached . . , 

(Give here details of any special certificate or certificates issued in respect 
of imports specifically scheduled). 


Fourth Schedule (Paragraph 12) 
Certificate of origin for Indian coffee beans or seeds 


Name of 
consignor 

Name of 
consignee 

Gross 
weight , 

) ; 

Number of 
packages 

Mark of each 
package 

Name of 
district 
in which 
produced 


' i 

i 

■ ■ , 1 




Certified that the above consignment of raw coffee beans or seeds is Indian 
produce grown in the district specified above. 

Signature of certifying authority. 

N o. of Bailway Receipt or ' 

No. of Bill of Lading, 
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Fifth Schedule 12) 

Certifying authority : — 

(i) The Assistant Director of Agriculture, Chickmagahir, Kadur District, 
Mysore State. • 

(ii) The Director of Agriculture and Fisheries, Travaiicore State. 

(Hi) The Director of Agriculture, Cochin Government. 

(iv) The Director of Agriculture, Madras Presidency. 

(t;) Any other officer whom the Government of Madras may appoint 
in this behalf by notification in the Fort St. George Gazette. 


'! ' , ■ 

.j Notification No, ISSl-Agri.) dated the 1st October 1931 

In exercise of the powers conferred by Sub-section (1) of Section 3 of the 
Destructive Insects and Pests Act, 1914 (IT of 1914), hereinafter referred to as 
the said Act, and in supersession of the notifications of the Government of India 
in the Department of Education, Health and Lands, Nos. 1493, dated the 14th 
November 1925 and 1561, dated the 26th November 1925, and of all notifica- 
tions amending the same, the Governor-General-in-Council is pleased to issue the 
following order for the purpose of regulating the import into British India of 
American cotton : — 

l.Inthisorder:— 

(i) Cotton ” includes ginned cotton, and droppings strippings, fly 
and other waste products of a cotton mill other than yarn waste, 
but does not include cotton seed or unginned cotton. 

(ii) ‘‘ American Cotton ’’ means all cotton produced in any part of 

America. 



‘ Bale ” means any pressed package of cotton of whatever size or 
density. 

(iv) “ Square Bale ” means a bale of a weight exceeding 270 lbs. 

(t;) Bound Bale ’’ moans a bale of a weight not exceeding 270 lbs. 

2, American cotton shall not be imported into British India by moans of 
the letter or sample post or as passengers’ accompanied baggage and shall not 
be imported by any other means save through the port of Bombay and subject 
to the following conditions : — 

(a) On or before the departure of a ship carrying a consignment of 
American cotton for Bombay from the port from which the cotton 
is consigned, the consignee shall ascertain the name of the ship, the 
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probable date of its arrival in Bombay, and the number of sc|imre 
and round bales of American cotton contained in the <?onsigniaent, 
and shall furnish this information to the Docks Manager of the 
Bombay Port Trust not less than 14 days before the arrival of the 
ship at Bombay: provided that where the cotton is loaded for 
' Bombay at Port Said or at a European port, the ordinary length of 
voyage from which is less than three weeks, it shall be sufficient to 
furnish the information not less than ten days before the arrival 
of the ship at Bombay ; 

(6) On arrival at Bombay, the cotton shall be disinfected in such manner 
as shall be prescribed in rules made by the Government of Bombaj' 
under section 5 of the said Act ; 

(c) Prior to taking delivery of the cotton the importer shall pay a smii 
at the rate hereinafter provided, which shall cover the cost of fumi- 
gation, inclnding the cost of loading the cotton into the barge, 
conveyance to the fumigation wharf or bunder, ixiiloadiiig from the 
barge after fumigation and delivery at the bunder, but not including; 
docks import charges as specified in the Bombay Port Trust Scale 
of Bates charged at the docks : 

Provided that samples of American cotton imported by parcel post or 
as ship’s parcels, not exceeding 20 lbs. each in w^eight shall be fiimi» 
gated free of cost in the fumigation Chamber of the Bombay Cus- 
toms House ; 

Provided further that the Docks Manager of the Bombay Port Trust 
may, in accordance with any general or special orders of the 
Governor- General-in-Council for the time being in force, remit or 
refund, in whole or in part, any sum which under this order is 
payable or has been paid on any consignment of x^merioan cotton ; 

{d) No vessel shall discharge American cotton during a period of rain, 
mist or drizzle. 

3. The rate referred to in clause (c) of paragraph 2 shall be Rs. 2-7-0 per 
square bale aud Rs. 1-8-0 per round bale; or when cotton is landed at the special 
American Cotton wharf in the Bombay Docks Rs. 3-12-0 per square bale and, 
Rs.2-8-0 per round bale : 

Provided as follows : — 

(i) in cases in which the importer has failed to furnish information in 
accordance with clause (a) of paragraph 2 each of the rates herein-. 

before prescribed shall be increased by Rs. 2 per hale ; 
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^ fr.r. +h<- fiimisation of any cotton imported at any 

<«> -r 

to the amount of their respective consignmen s . 

+ ofTndiaEduoation,HealtliaaclLan<isDepartmont,Nofci- 

As amended by Government of No. F. 136/34, dated the rtth 

BcationNo.F. 398/33-A. dated 2n p i 1^3^^^ 13th August 1934; NotiEcation Ho. 

February. 19 3^>. 


PUBLICATIONS OP THE IMPERIAL COUNCIL 
OF AGRICULTURAL RESEARCH, INDIA 



1. Agriculture and Live-stock in India 

A bi-montMy Journal of Agriculture and Animal Husbandry for the general reader interested 
in Agriculture or Live-stock in India or the Tropics. (Established 1931. Published in January, 
March, May, July, September and November. Prepayable subscription Rs. 6 or 9^. 9d. per 
annum inclusive of Indian postage. Price per part Rs, 2 or 3s. 6d. inolasive of Indian postage). 
Volumes I to VI complete are available, 

2. The Indian Journal of Agricultural Science 

A bi-monthly Scientific Journal of Agriculture and the allied sciences, mainly devoted to 
the publication of the results of original research and field experiments. {Established 1931. 
Published in February, April, June, August, October and December. Prepayable subscription 
Rs. 15 or 24:5. per annum inclusive of Indian postage. Price per part Rs. 3 or 6s, 3d. inclusive 
of Indian postage.) Volumes I to VI complete are available. 

3. The Indian Journal of Veterinary Science and Animal Husbandry 

A quarterly Journal for the publication of scientific matter relating to the health, nutrition 
and breeding of live-stock. (Established 1931. Published in March, June, September and 
December. Prepayable subscription Rs. 6 or 95. 9d. inclusive of Indian postage. Price per part 
Rs. 2 or 35. 6d. inclusive of Indian postage.) Volumes I to VI complete are available. 


4. Scientific Monographs of the Imperial Council of Agricultural Research 

NGAG--SM/1 No. 1. The Fungi of India, By B. J. Butler, C.I.E., D.So., M.B,, F.R.S. 

and G, R. Bisby, Ph.D. (1931). Price Rs. 6-12-0 or II 5 . (As. 8.) 

HOAG SM/2 No. 2. Life-histories of Indian Microlepidoptera, Second Series ; Alucitidae 

(Pterophoridae, Tortricina and Gelechiadae), By T. Bainbrigge 
Fletcher, R.N., F.L.S., F.E.S., F.Z.S. (1932). Price Rs. 3-4-0 or 
6s, 6d. (As. 6.) 

HOAG— -SM/3 *No. 3. The Open Pan System of White-Sugar Manufacture, By R. 0. 

Srivastava, B.So. (1935, 2nd edition). Price Rs. 3-2-0 or 55. U, 
(As. 9.) 

HOAG SM/4 No. 4. Life-histories of Indian Microlepidoptera i OosmDpterygidae to 

Neopseustidae, By T. Bainbrigge Fletcher, R.N., F.L.S., F.E.S., 

F. Z.S. (1933). Price Rs. 4-8-0 or 75. 6d. (As. 8.) 

HOAG SM/5 No. 5. The Bombay Grasses, By B. J. Blatter, S.J., Ph.D., F.L.S. and 

0. McOann, F.L.S. Illustrated by R. H. Bhide. Price Rs. 20-12-0 
or 325. 6d, 

HCAG SM/6 No. 6. Helminth Parasites of the Domesticated Animals in India, By 

G. D. Bhalerao, M.So. Price Rs. 7-12-0 or 135. 3d. 


NOAG— SM/7 


No 
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NCAG — SM/lO 
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-r Twifii Tslntes on Observations in tlie Unite d 

No. s. Th. Silt InSo.*'? .^o, „d My, By 0. 0. Gho.b, B.A. , 

F.E.S. (1933). F _ ^ History of the Large-Scale 

No. 9. Mechanical “ Burmah-Shell Oil Storage and Distribut- 

Experimentscawied out y ^ Wade. Price Ba. 3-14-0 or 

ing Company of India, Lta., iiy • 

6d. Bd* t /'I ,*«««+ Kxr TVTftqsrs U* U. U6slipand.0 

No 10 SpottedBollWormsinSonthGu3crat.b^ 

and N. T. Aadkarny P Distribution of the Nervea 

No. 11 • In'^estigations on ® ^ Bhomboidens Muscles and 

5. ««««»■ 

' Entooologil, B«“. ““'‘‘““ict’iIOSH By «» 

No. 2. !« of PobiMlot. .. W- “T « 

NO. 3, S" -“>• " "• 

Entomologist, Pusa. ^ ^ Coeoidae By S. Bamaehandran, 

"»• f::'z M*:srAyy»:B.A:, Ld., p.s,s. p-o. 

No.5.«“V— 

s (« Bdi.l».,PB.. 

No. 6. Bee-keepmg, By O. g. uno 

Ks. 1-14 or 3s. 3d. „ i n934) compiled by 

"«• ’■ r oisstSoS SitiioSi” 1 “• 

NO. 3.SLrC.orASoV.ny"B:^i. “■ " 

Kanra. ^^rice As. 8 or Wd. ^ AerOiioTny : A BiWio- 

NO. 

SubraiotiiiaTn. Pnco Bo. 1 1 Nenddiao KoBoS, eompiloB by 
No. 11. Toblo. of Standard of M p. Kri.hna 

Swam Singh Purewal, M- Sc., PmO. i ^ 

Bao, L. AO. Price As. 12 or Is. 3cr. , crops. Part II. for 
.. T • t oof Pnhlioations on the Botany of Indian tyrops, 

»2 «■ »■ »”“• <'" "“/S:.,., ... by H. 

No.,3‘ZNo,Sta«i..lT.b^b_..od.po...«.»r. , 

NO 

by the Imperial Entomologist, Pusa. (I ^ ’ 

e. A»»l Ewort 01 tt. ^^^^ColollTAgrionltaral 
NCAG_AB/31 “jr^oSl^Ld WO.31. W» Ao. 12 .• I- 


NCAG — ^MB/1 
NCAG — ^MB/2 
NOAG— MB/3 
NCAG — ^MB/4 

NCAG— MB/5 
NCAG— MB/6 

NCAG — -MB/I 

NCAB— MB/8 

NCAB— MB/9 
NCAB— MB/10 
NCAB— MB/ 11 


NCAB-MB/12 
NCAB— MB|13 
NCAB— MB/ 14 
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NCAG— AB/32 Annual Keport of the Imperial Council of Agricultural Besearen for the 

year 1931-32. Price As. 6 or M. (As. 2.) 

NCAG—AR/33 Annual Report of ths Imperial Council of Agricultural R^earch for the 
year 1932-33. Price As. 6 or 8d, 

NCAG — ^AR/34 Annual Report of the Imperial Council of Agricultural Research for the 

year 1933-34. 

NCAG— -AR/ 3 5 Annual Report of the Imperial Council of Agricultural Research for the 

year 1934-35. 

7* Review of Agricultural Operations in India (now called Agriculture and Animal Hushaniry 

in India). 


NCAG— 'R. 1/29 Review of Agricultural Operations in India, 1928-29. 

6 d. (As. 8 .) 

NCAG — R.1/31 Review of Agricultural Operations in India, 1929-31. 

3d. (As. 10.) 

NCAR— RI/31-33 Review of Agricultural Operations in India, 1931-33. 
or 9s. 6d* 

Agriculture and Animal Husbandry iu India, Parts I and II, 1933-35. 


Price RSt .■3-2-0 or ; 


Price Rs. 5 or 8 ^. 


Price Bs. 6-i2-0 


(In the Press*) 


8« Proceedings of the Board of Agriculture and Animal Husbandry 

Proceedings of the First Meeting of the Animal Husbandry Wing of the Board of Api- 
culture and Animal Husbandry held at New Delhi from the 20th to 23rd February 1933, with 
Appendices* Price Rs. 5-14-0 or 9«. 6 d. 

Proceedings of the First Meeting of the Crops and Soils Wing of the Board of Agriculture 
and Animal Husbandry in India held at Delhi from the 26th February to the 2nd March 1936, 
with Appendices. Price Rs. 0 or 9^. 


A description of the Imperial Institute of Veterinary Research, Muktesai, and -its Sub- 
Station, the Imperial Veterinary Serum Institute, Izatnagar, by F. Ware, F.R.C.V.S. Price 
Rs. 1-4-0 or 2a. 

The Production of Cigarette Tobacco by Flue-curing, by F. J. F. Shaw, C.I.E., D.Sc., 
A.R.C.S.) F.L 4 S. and Kashi Ram. imp. Inst. Agri. Bes. Pusa JSwW. No. 187. Reprinted 
(1935), Price Re. 1 or la. 9d. 

A Handbook of Statistics for Use in Plant Breeding and Agricultural Problems, by 
F. J. F. Shaw, C.I.E., D.So., A.R.C.S., F.L.S. Price Es. 4-6-0 or 7a. Zd. 


Copies of the above publications can be had from : — 

In iwdicj.— -Manager of Publications, Civil Lines, Delhi. 

in Europe and America , — From Public Department (Publications Branch), Office ox the 
High Commissioner for India, India House, Aldwych, London, W.C. 2, 
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ERBATA 

The Indian Joubnad op Agbioolttjbad Soienoi!, Vol. VI, Pabt III, Jone 1936 


Page 590, lia© 15, for ‘ apetite ’ read ‘ appetite 

Page 598, line 16 from the bottom, /ar V6th July 1932 ’ read ‘ 6th December 1932 \ 
Page 616, line 2 from the bottom, /or * number ’ read ‘ numbers ^ 

Pag© 634, line 10, for ‘ trocolia ’ read ‘ trochela 

Page 643, line 16, for ‘ bread ’ read ‘ bred 

Pag© 648, line 16 from the bottom, /or ‘ arejet ’ read ‘ are jet 

Pag© 667, line 14 from tbo bottom, for ‘ soiii n ’ read ‘ soil in ^ 
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